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Examiner: Duffy, Bradley 
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Attorney Docket: 26003 


REMARKS 


Reconsideration of the above-identified application in view of the amendments 
above and the remarks following is respectfully requested. 

Claims 1-71 are in this Application. Claims 1-36 have been withdrawn from 
consideration. Claims 37-48, 51-65 and 68-71 have been rejected under 35 U.S.C. § 

102. Claims 37, 49-51, 54-55, 66-68 and 71 have been rejected under 35 U.S.C. § 

103. Claims 37-71 have been rejected under 35 U.S.C. § 1 12, first paragraph. Claims 
37-71 have been rejected under 35 U.S.C. § 1 12, second paragraph. Claims 37, 41-53 
and 55, 58-71 have been amended herewith. Claims 38 and 56 have been cancelled. 
New claims 72 and 73 have been added. 


The Examiner states that the oath or Declaration is defective because it does 
not correctly identify the city of residence and the city of the post office address of 
each inventor. Specifically, the Examiner states that the city of residence and the city 
of the post office address for inventor Eran Kaplan are incomplete as several letters in 
the city name appear to be missing. An Application Data Sheet is being provided 
herewith to overcome the objection to the Declaration. 


The Examiner has objected to the specification because of the informalities 
related to the term "abovementioned" which occurs on Page 9, line 27. The 
Examiner's objection is respectfully traversed. 

Applicants point out that the term "abovementioned" is not a typographical 
error and is defined as "mentioned previously" (adj.) (see for example, the online 
dictionary at http://www.thefreedictionary.com/abovementioned, attached entry). 


Declaration 


Specification 
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35 U.S.C. 1J2. second paragraph rejections 


The Examiner has rejected claims 37-71 under 35 U.S.C. 112, second 
paragraph, as being indefinite for failing to particularly point out and distinctly claim 
the subject matter which Applicants regard as the invention. 

Specifically, the Examiner states that claims 37-71 are indefinite because 
claims 37 and 55 recite the limitation "sequentially and/or simultaneously". The 
Examiner's rejections are respectfully traversed. Claims 37 and 55 have been 
amended to remove the phrase "sequentially and/or simultaneously", thereby 
rendering moot the Examiner's rejection with respect to these claims. 

The Examiner further states that claims 41-47 and 58-64 are indefinite because 
claims 41 and 58 recite that the two stains are selected "independently" from the 
group consisting of a morphological stain, an immunological stain, an activity stain, a 
cytogenetical stain, an in situ hybridization stain and a DNA stain. The Examiner 
states that it is unclear on what basis the two stains are selected from the group; does 
one randomly choose two of the stains, or is some other basis used; if a one type of 
stain is selected for the first stain, is that same type of stain a possible choice for the 
second type; the Examiner submits that the meets and bounds of the subject matter 
that Applicants regard as the invention cannot be ascertained, as it cannot be 
determined how the recitation is intended to further limit the subject matter that is the 
invention with the requisite degree of clarity and particularity to satisfy the 
requirement set forth under 35 U.S.C. 112, second paragraph, so as to permit the 
skilled artisan to know or determine infringing subject matter. The Examiner's 
rejections are respectfully traversed. Claims 41 and 58 have been amended herewith. 

Applicants point out that each of the staining methods pertaining to claims 41 
and 58 can be selected for performing the claimed invention and that the instant 
application provides ample guidance for selecting pairs of stains or staining methods 
from the staining methods pertaining to claims 41 and 58 [see for example, Page 11 
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(lines 2-19), Page 15 (line 13 - Page 20 (line 24) and the Examples section (Pages 25- 
34) of the instant application]. For example, as described in the instant application 
(Page 15, lines 14-18) one staining method can be a morphological staining such as a 
May-Grunwald-Giemsa, a Giemsa, a Papanicolau or Hematoxylin-Eosin (which can 
be visualized via light microscopy, bright field), whereas another staining method can 
be an immunological staining using a fluorescently labeled antibody (which can be 
visualized via fluorescent microscopy, dark filed). In addition, one staining method 
can be an immunological staining using a radiolabeled antibody (which can be 
visualized using light microscopy) whereas another staining can be a morphological 
staining such as DAPI (which can be visualized via fluorescent microscopy) (see Page 
16, lines 19-26 of the instant application). Given the comprehensive description of 
pairs of staining methods it is Applicants strong opinion that the metes and bounds of 
the subject matter of the invention are ascertained. 

Non-withstanding the above and in order to expedite prosecution of this case, 
Applicants have elected to remove the term "independently" from claims 41 and 58, to 
thereby overcome the Examiner's rejection with respect to these claims. 

The Examiner has rejected claims 48-53 and 65-70 because they recite the 
limitation "a first stain" and "a second stain", however, claims 37 and 55 from which 
these claims depend do not recite any order of stains and it is unclear whether more 
than one "first stain" or more than one "second stain" is being contemplated. The 
Examiner's rejections are respectfully traversed. 

Claims 48-53 and 65-70 have been amended to include the limitation of "one" 
and " another " staining methods according with Examiner's suggestion. Ample 
support for such claim amendments can be found in the instant application, see for 
example, Page 9. 

In view of the above claim amendments, arguments and remarks Applicants 
believe to have overcome the 35 U.S.C. § 1 12, second paragraph rejections. 
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35 U.S.C. ft 112 first paragraph rejections 


The Examiner has rejected claims 37-71 under 35 U.S.C. 1 12, first paragraph, 
as failing to comply with the written description requirement. Specifically, the 
Examiner states that claims 37-71 are directed at methods of identifying transitional 
cell carcinoma cells or diagnosing bladder cancer using at least two members of a 
genus of "stains", however, the specification does not describe the structure of a 
sufficient number of species of the genus of "stains" or a sufficient number of species 
of any of the subgenera of morphological stains, immunological stains, activity stains, 
cytogenetical stain, in situ hybridization stains or DNA stains to reasonably convey to 
the skilled artisan that Applicant had possession of the claimed invention at the time 
the application was filed. The Examiner's rejections are respectfully traversed. 
Claims 37, 41-53, 55, 58-70, have been amended herewith. 

Applicants point out that the various stains described in the instant application 
are well-known and accepted art terms describing the reagents used by various 
staining methods (e.g., immunological staining; activity staining; morphological 
staining; cytogentical staining; DNA staining; and in situ hybridization). See for 
example, US Appl. No. 20030152987 and Ortona E., et al., 1997 (enclosed herewith) 
for morphological stains; Ambros PF., et al., 2001 (enclosed herewith) for 
immunological stains; Ried and Collmer, 1 985 (enclosed herewith) for activity stains; 
Onozawa M., et al., 2003 (enclosed herewith) for cytogenetic reagents; DiMaio JM., 
et al., 1995 (enclosed herewith) for in situ hybridization; and Motte PM., et al., 1991 
(enclosed herewith) for DNA stains. 

In addition, Applicants point out that the instant application provides sufficient 
written support for the stains and staining methods used by the present invention. See 
for example, Page 11, lines 23-24 of the instant application for morphological 
staining, Page 12, lines 3-4 of the instant application for immunological staining, 
Page 12, lines 25-28 of the instant application for activity staining, Page 13, lines 6-16 
of the instant application for cytogenetic methods [e.g., G-banding, Q-banding, R- 
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banding, and C-banding, Page 13, lines 17-25 of the instant application for in situ 
hybridization and Page 14, lines 25-29 of the instant application for DNA staining. 

Non-withstanding the above and in order to expedite prosecution of this case, 
claims 37, 41-53, 55 and 58-70 have been amended to recite "stain ing method " instead 
of "stain". 

In view of the above claim amendments, arguments and remarks Applicants 
believe to have overcome the 35 U.S.C. § 1 12, first paragraph rejections. 

35 U.S.C. $ 102(a) Rejections 

The Examiner has rejected claims 37-48, 51-65 and 68-71 under 35 U.S.C. 
102(a) as being anticipated by Daniely et al (Annales de Genetique, 46:153, 
September 2003) as evidenced by Shimoni et al. [Leukemia, 16:1413-1418, August 
2002), Skacel et al. (Anal. Quant. Cytol. Histol. 23(6): 381-387, December 2001]. 
The Examiner's rejections are respectfully traversed. 

Applicants point out that since the priority of the instant application is from 
April 4 th , 2003 , the filing date of U.S. Provisional Application No. 60/459,992, the art 
of Daniely et al. (September 2003), which describes the use of two staining methods 
{i.e., morphological and FISH) cannot anticipate the present invention as claimed. 
Thus, Daniely et al., either alone or with Shimoni et al., or Skacel et al., cannot 
anticipate or render obvious the claimed invention since it is published after the 
established priority of the claimed invention. 

Attached is a declaration by the present inventors stating that they are the only 
inventors of the present application. 

In view of the above arguments and remarks Applicants believe to have 
overcome the 35 U.S.C. § 102(a), rejections. 
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35 U.S.C. $ 102(b) Rejections 


The Examiner has rejected claims 37-48, 52-53, 55-65 and 69-70 under 35 
U.S.C. 102(b) as being anticipated by Skacel et al. (Anal Quant. Histol. 23(6): 381- 
387, December 2001). Specifically, the Examiner states that Skacel et al. teach 
staining cells with DAPI (a DNA stain) and FISH and exposing them to two imaging 
modes to identify transitional cell carcinoma or diagnosing bladder cancer. The 
Examiner's rejections are respectfully traversed. Claims 37 and 55 have been 
amended. 

Applicants point out that in contrast to Examinees assertion, Skacel et al. teach 
staining the cells with FISH and DAPI and viewing them under one imaging mode 
(i.e., dark modality using a fluorescence microscope; Page 384, left column, lines 23- 
25 in Skacel et al.) and not under two different imaging modes as claimed in claims 37 
and 55 of the instant application. 

Non-withstanding the above, and in order to better distinct the claimed 
invention from the art, Applicants have elected to amend claim 37 to recite: 

"A method of identifying transitional cell carcinoma cells in a urine sample 
comprising; 

(a) staining nucleated cells of the urine sample by at least two staining 
methods to thereby obtain stained nucleated cells, 

(b) imaging said stained nucleated cells by at least two imaging modes, 
wherein one imaging mode of said at least two imaging modes being different from 
another imaging mode of said at least two imaging modes . " 

(Emphasis added) 


Support for the claim amendment can be found, for example, on Page 10 (lines 
30-33) - Page 1 1 (lines 1-19) of the instant application. 
Claim 55 has been amended accordingly. 
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In view of the above claim amendments, arguments and remarks Applicants 
believe to have overcome the 35 U.S.C. § 102(b), rejections. 


35 U.S.C. $ 103(a) Rejections 

The Examiner has rejected claims 37, 54, 55 and 71 under 35 U.S.C. 103(a) as 
being unpatentable over Skacel et al. (Anal. Quant Cytol. Histol. 23(6):38 1-387, 
December, 2001), in view of Daniely et al. (Annales de Genetique, 46: 153, 
September 2003). The Examiner's rejections are respectfully traversed. 

Applicants point out that as stated hereinabove with respect to 102(a) 
Rejections, the priority of the instant application should be from April 4 th , 2003 , the 
filing date of U.S. Provisional Application No. 60/459,992, therefore, the art of 
Daniely et al. (September 2003) should not be regarded as "prior art". Accordingly, 
the art of Skacel et al. in view of Daniely et al. cannot be regarded as patentability 
destroying of the instant application. 

The Examiner has further rejected claims 37, 49-51, 54-55, 66-68 and 71 
under 35 U.S.C. 103(a) as being unpatentable over Skacel et al. (Anal. Quant Cytol. 
Histol. 23(6):381-387, December, 2001) in view of US Patent 6,418,236 (Ellis et al., 
July 9, 2002). Specifically, with respect to US Patent 6,418,236 the Examiner states 
that the reference teaches automated image analysis using a microscope capable of 
dual imaging to image cells stained with two stains. The Examiner's rejections are 
respectfully traversed. Claims 37 and 55 have been amended. 

Applicants point out that in contrast to the Examiner's assertion, US Patent 
6,418,236 discloses a method of analyzing a biological specimen that has been 
consecutively stained with hematoxylin-eosin (H/E) and immunohistochemistry (IHC) 
or in situ hybridization (ISH) methods on parallel (i.e.. different) tissue sections 
(Column 1, lines 60-65 of US Patent 6,418,236). Thus, analysis of the biological 
specimen according to US Patent 6,418,236 is performed by pairing stored images of 
the different tissue sections stained with H/E and immunohistochemistry (i.e., two 
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different tissue sections) (Column 2, lines 10-15; Column 5, lines 37-40, of US Patent 
6,418,236). In contrast, as mentioned hereinabove with respect to 102(b) rejections, 
the instant invention as now claimed teaches staining and imaging of the same cell 
(same nucleated cell of the urine sample) using two staining methods which are 
viewed by two different imaging modes . 

Thus, it is Applicants strong opinion that the subject matter of the invention as 
now claimed in claims 37 and 55 is novel and non-obvious with respect to Skacel et 
al. and Ellis et al., either along or in combination. 

The Examiner has further rejected claims 37, 49-50, 55 and 66-67 under 35 
U.S.C. 103(a) as being unpatentable over Daniely et al. (Annals de Genetique, 46:153, 
September 2003) in view of US Patent 6,418,236 (Ellis et al., July 9, 2002). 

Applicants point out that since as stated hereinabove with respect to 102(a) 
Rejections, the priority of the instant application should be from April 4 th , 2003 , the 
filing date of U.S. Provisional Application No. 60/459,992, the art of Daniely et al. 
(September 2003) should not be regarded as "prior art". Accordingly, Daniely et al 
could not be regarded as patentability destroying either alone or in combination with 
other art (Ellis et al.) since it is published after the established priority of the claimed 
invention. 

In view of the above claim amendments, arguments and remarks Applicants 
believe to have overcome the 35 U.S.C. § 103(a), rejections. 

The Examiner further states that the prior art of Hailing et al. (Journal of 
Urology, 164:1768-1775, November 2000), Bubendorf et al. (Anatomic Pathology, 
116:79-86, 2001) and Darzynkiewicz et al. (Experimental Cell Research, 249: 1-12, 
1999) made of record and not relied upon is considered pertinent to Applicant's 
disclosure. Applicants concur with Examiner's assertion with respect to these art. 
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In view of the above amendments and remarks it is respectfully submitted that 
claims 37, 39-55, 57-71 are now in condition for allowance. A prompt notice of 
allowance is respectfully and earnestly solicited. 


Date: May 15, 2007 
Ends: 

• Two-month extension fee 

• Executed Declaration 

• Additional Claim Transmittal Sheet 

• An Application Data Sheet is being provided herewith to overcome the 
objection to the Declaration. 

• http://www.thefreedictionary.com/abovementioned, attached entry 

• References: 

• US Pat. Appl. No. 200301 52987; 

• Ambros PF., et ah, Leukemia, 2001, 15: 21 '5-277 r ; 

• DiMaio JM., Circulation. 1995;92:202-205; 

• Motte PM., et al., J. of Histochemistry and Cytochemistry, 1991, 39: 1495- 
1506; 

• Onozawa M., et al., Cancer Genet. Cytogenet. 2003, 147: 134-9; 

• Ortona E., et al., J. of Clin. Microbiology, 1997, 35:1589-1591; 

• Ried JL and Collmer A. Applied and Environmental Microbiology, 50: 615- 


Respectfully submitted, 



Martin D. Moynihan 
Registration No. 40,338 
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SYNOPSIS 

Unequivocal identification of disseminated tumor cells in the bone marrow by 
combining immunological and genetic approaches - functional and prognostic 
information 


The detection and quantification of disseminated tumor cells 
(DTC) present in the bone marrow (BM), peripheral blood (PB) 
and apheresis products (AP) are becoming increasingly sig- 
nificant in the treatment of cancer patients. Three different 
applications are implemented in the clinical practice of pedi- 
atric and adult solid tumor patients: (1) the identification of 
tumor cells in the BM and PB at diagnosis; (2) the response 
of occult tumor cells to high-dose chemotherapy; and (3) the 
presence of tumor cells in the autograft. In solid tumors the 
clinical significance of DTCs at diagnosis or during the course 
of the disease, usually termed minimal residual disease (MRD) 
testing, is still under debate. These indistinct results are mainly 
due to methodical reasons. Therefore, a fully automated sys- 
tem (ffCDetect/metafer) combining the detection of 'tumor- 
specific' immunological features together with 'tumor-typical' 
DNA aberrations has been developed allowing the unambigu- 
ous visualization of tumor cells in a hematopoietic surround- 
ing. 

There is still an ongoing debate whether or not neuroblas- 
toma (NB) patients with localized disease show disseminated 
tumor cells in the bone marrow (BM) at diagnosis. Moss and 
coworkers 1 observed tumor cell infiltrates in 34% of the stage 
I, II and III patients with immunocytochemical (ICC) 
approaches. They also found a correlation between the pres- 
ence of DTCs and unfavorable outcome. PCR techniques also 
disclosed positive reactions in bone marrow samples from 
patients with localized disease. 2 Data generated with a fluor- 
escence-based detection system identified only one out of 1 28 
NB patients with localized/regional disease (stages 1, 2A, 2B 
and 3) with a genetically verified tumor cell infiltrate (M6hes 
ef a/, submitted). 

Bone marrow involvement in patients with localized epi- 
thelial tumors, best studied in breast carcinoma (BC) patients, 
were found in the range of 23% to 82% using PCR 
approaches 3 or alkaline phosphatase-based cytokeratin (CK) 
detection for example. 4 So far, these results cannot be repro- 
duced by using a fluorescence-based detection of CK com- 
bined with a genetic analysis of doubtful cells. 15 - 16 Despite 
the fact that BM samples from only 45 patients with stage 1 
or 2 were analyzed, these data clearly indicate that DTC data 
have to be analyzed critically and quality control studies 
especially on methodical issues have to be undertaken in 
order to obtain comparable results. 

The response testing to chemotherapy turned out to be of 
clinical relevance in pediatric ALL patients especially. 5 Also, 
in stage 4 neuroblastoma patients with genetically aggressive 
tumors, we observed that the delayed tumor cell clearance of 
the bone marrow indicated an unfavorable outcome. Rapid 
bone marrow clearance seems to be associated with a 
decreased risk of death (Ambros ef al unpublished). However, 
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the exact time points when to measure the response are still 
unknown. Whether this finding, which was made on a limited 
number of patients, holds true for larger groups of patients, 
and also the question of whether all genetic subtypes behave 
in the same way, awaits further studies. 

Hematopoietic reconstitution with autologous cells after 
high-dose chemotherapy in the course of autologous stem cell 
transplantation for the treatment of solid tumor patients has 
highlighted the concerns about tumor cell contamination of 
the autograft. Indirect evidence that tumor cells are respon- 
sible for the post-transplant relapse are provided by Ref. 6. In 
addition, the presence of tumor cells in the autograft has been 
correlated with an unfavorable post-transplant outcome in 
neuroblastoma. 7 

A number of strategies allow the identification and esti- 
mation of the number of disseminated tumor cells in the hem- 
atopoietic system or blood products. Most methods are 
indirect approaches detecting either genes expressed pre- 
dominantly or exclusively by tumor cells (eg tyrosine 
hydroxylase in neuroblastomas, cytokeratin in breast 
carcinomas) or m-RNAs from gene fusion products as a result 
of reciprocal translocations (eg bcr/abl in CML patients or 
EWS/FU1 in Ewing tumors). 

Although the rearranged gene product can be detected by 
RT-PCR techniques at a high sensitivity, these methods have 
the disadvantage of false positive results most often caused 
by contamination. In addition, physiological differences in the 
expression level of a certain gene product can also obscure 
the picture. This is especially difficult when analyzing RNA 
molecules, which although predominantly expressed in the 
target cell, can also be expressed under certain circumstances 
by non-neoplastic cells; best exemplified are these false posi- 
tive results in BM samples from healthy individuals. Here, the 
number of positive results reaches up to 100% of the samples 
tested. 8 Furthermore, translocation-specific gene products 
can also be influenced by physiological conditions or even 
application of certain drugs. 9 

Flow cytometric analyses of rare tumor cells rely on auto- 
matic detection of immunofluorescence-labeled antibodies. 
Besides the use of multiparameter analysis and the high speed 
of these assays, the sensitivity level is rarely below 1 target 
cell in 10" 4 MNCs. In addition, non-tumor cells may stain 
unspecifically and cell morphology cannot be assessed. Only 
combinations with, for example, PCR techniques can verify 
the genetic make up of the target cells. 10 

Culture techniques for DTC detection are virtually the only 
assays that provide information on the viability and clonogen- 
icity of rare tumor cells. Daxter-type and agarose-based clon- 
ogenic assays are in use. 11 The disadvantages are contami- 
nation problems, lack of tumor cell growth besides the 
presence of vital tumor cells, technical difficulties and time 
requirements, all of which render culture methods not feasible 
as a routine method. 

Until recently, the direct visualization of tumor cells in the 



Figure 1 Three color immunofluorescence of breast carcinoma cell positive staining with cytokeratin (green) and mucin (red) in (a). Tumor- 
typical numerical chromosomal changes were demonstrated by FISH using chromosome-specific DNA probes. The tumor-typical aberrations: 
pentasomy of chromosome X (green) and disomy of chromosome 16 (red) are shown in (b); trisomy 21 (red) and disomy 12 (green), shown in 
(c), were demonstrated sequentially on the same cell after automatic relocation of the immunological positive cell, thus providing an ultimate 
proof of the neoplastic nature of the target cell. 


microscope has been hampered by technical problems. Vir- 
tually all antibodies reacting with 'tumor-specific' antigens 
also react with hematopoietic or epidermal cells. Cytoplasmic 
cells that contain internalized tumor cell debris also react with 
the antibodies. Furthermore, the visualization of the antibody 
by enzymatic detection can cause false positive reactions 
especially for peroxidase-labeled second antibodies but also 
for alkaline phosphatase (AP). Double ICC staining recognized 
the majority of these cells reacting directly to AP as mature 
plasma cells, 12 thus giving false positive results which can 
obscure the picture, especially when minor cell fractions are 
AP-positive mimicking tumor cells. On the other hand, 
immunological approaches are fast, simple, cheap and very 
sensitive. 

The detection of specific gene rearrangements 
resulting from tumor-typical translocations and other tumor- 
typical aberrations can be performed by FISH on the DNA 
level. Besides the high specificity of this method the high 
sensitivity needed for DTC detection can usually not be 
achieved. 

To circumvent the lack of specificity inherent to ICC tech- 
niques, a combination of the immunolgical information with 
a second tumor-typical marker is essential. This can be achi- 
eved either by the introduction of a second or third immuno- 
logical stain or, ideally, by a combination of an immunolog- 
ical procedure and the detection of a tumor-typical genetic 
aberration. The demonstration of both the immunological pro- 
file and the genetic information on the same cells achieves the 
high sensitivity of the first technique and the high specificity of 
FISH techniques. Basically, these two pieces of information 
can be monitored simultaneously or sequentially. Simul- 
taneous approaches detecting changes on the DNA level and 
specific cell surface or intercellular antigens are difficult to 
undertake on a routine basis as these two technological 
approaches use different pretreatment conditions. On the 
other hand, a sequential demonstration of genetic aberrations 
and phenotypic information is difficult to perform on rare cells 
as it is virtually impossible to relocate these cells without any 
automatic relocation system. Recently, we were able to intro- 
duce an automatic system (ffCDetect/metafer; MetaSystems, 
Altlussheim, Germany) which has been developed to sequen- 
tially identify different cell markers on rare tumor cells. Four 
major goals can be achieved using this automatic system: (1) 
a high sensitivity can be reached as demonstrated by spiking 
experiments performed with neuroblastoma cells and breast 


carcinoma cells. All cells intermixed with normal BM or PB 
cells could be recovered (Mehes et al in press). Thus we can 
conclude that: (1) the sensitivity of this method is restricted 
only by the number of cells available for analysis; (2) the 
specificity of the recognition system is given by the fact that 
additional features typical for the tumor cell - either immuno- 
logical or, even better, genetic aberrations can be simul- 
taneously and/or sequentially demonstrated; in addition, (3) a 
reliable and exact quantification of all cells (hematopoietic 
and tumor cells) is possible; and (4) multi-parameter analyses 
of different cell features, so far only restricted to flow cyto- 
metric methods, are possible and functional characterization 
of rare tumor cells can be studied (Ki-67, apoptosis-related 
molecules, or multi-drug resistance molecules). Besides the 
detection of tumor-typical immunostains such as CD2, CD99 
and cytokeratin, leukemia-specific antigens CD34, CD19 etc 
the tumor/leukemia associated genetic aberrations can be 
identified by the use of FISH analysis as well. An example of 
a combined immunological and genetic visualization of a 
tumor cell is given in Figure 1. A breast carcinoma cell was 
characterized by a double color immunofluorescence staining 
with cytokeratin and mucin. After automatic relocation of the 
same cell a genetic visualization of the tumor typical genetic 
aberrations was undertaken. 

One of the most crucial questions, detecting DTCs in the 
hematopoetic system is the analysis of their functional status. 
PCR approaches but also ICC methods cannot discriminate 
between intact and dead cells or cell fragments, possibly 
entrapped into phagocytic cells. Thus, studies should include 
tests on the proliferation capacity, expression of drug resist- 
ance-associated genes and occurrence of apoptosis. So far, 
only very limited information on the functional status of DTC 
exists. In BC patients it was demonstrated that DTCs show a 
dormant state of cell growth indicated by little Ki-67 
expression. 13 Data on neuroblastoma patients on the other 
hand indicate that disseminated tumor cells show a relatively 
high Ki-67 expression with a median value of 30% in 
untreated tumor patients (Mehes unpublished) and this figure 
is in line with the Ki-67 expression found in untreated neuro- 
blastic tumors. 14 

In summary, this new detection method allows an accurate 
diagnosis, exact quantification, and functional characteriz- 
ation of low tumor cell infiltrates in the hematopoietic system 
besides offering an ideal way to monitor the response of the 
tumor cells to cytotoxic treatment. 
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Background The incidence of lymphoproliferative disease, including B-cell 
lymphomas (BCL) in patients who have undergone heart or combined heart-lung 
transplants, has been reported to be as high as 15%. The majority of these tumors 
contain Epstein-Barr virus (EBV) DNA and regress when immunosuppressive agents 
are discontinued. This tumor regression is thought to be secondary to cytotoxic T 
lymphocytes (CTL) reactive to EBV-infected cells whose function is impaired in 
patients receiving immunosuppressive agents. We hypothesize that EBV-CTL 
expanded in the absence of these agents may demonstrate an antitumor effect against 
an EBV-expressing human BCL in vitro and in vivo. 

Methods and Results An EBV-expressing BCL from a heart transplant recipient was 
isolated and expanded in culture. EBV-CTL were generated by stimulation of 
peripheral blood leukocytes with irradiated autologous tumor cells in low-dose 
interleukin-2. Autologous BCL, HLA-mismatched BCL, lymphokine-activated killer 
target cell line (Daudi), and the natural killer target cell line (K562) were used in a 
standard 4-hour cytotoxicity assay using 51Cr04 after 7, 14, and 28 days of 
stimulation. There was significant percent specific lysis of autologous BCL targets 
(78%) at an effector-to-target ratio as low as 20:1 as compared with control cells. 
EBV-CTL were then adoptively transferred into SCID mice (provided by Duke 
University Vivarium) that had been engrafted with autologous BCL 7 days before. 
There was a significant survival advantage to those mice engrafted with EBV-CTL as 
compared with control cells. 

Conclusions The results indicate that ex vivo expansion of EBV-CTL in the absence 
of immunosuppressive agents results in a population that has significant antitumor 
activity. This strategy may be useful in the generation of EBV-CTL that might be 
effective antitumor agents in transplant recipients with EBV-associated lymphomas. 

Key Words: lymphocytes • transplantation • cells • heart transplant • lymphoma • 
immunodeficiency 
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Introduction 

The incidence of lymphoproliferative disease, including BCLs in patients who have 
undergone heart or combined heart-lung transplants, has been reported to be as high 
as 15%. The mortality associated with these tumors that appear more than 1 year 
posttransplant is approximately 70%. The majority of these BCLs contain EBV DNA 
as demonstrated by DNA hybridization studies, polymerase chain reaction, and 
immunohistochemistry.l 2 3 

As many as 89% of these tumors regress in thoracic organ transplant patients when 
immunosuppression is discontinued if the tumor appeared within the first year of 
transplantation.4 5 6 This phenomenon is thought to be the result of the repopulation 
of EBV-CTL, which are suppressed by cytotoxic agents such as cyclosporine. 
Therefore, it is hypothesized that autologous EBV-CTL expanded in the absence of 
these immunosuppressive agents may demonstrate an antitumor effect against an 
autologous EBV-expressing human BCL in vitro and in vivo. 


Methods 

Isolation of Posttransplant Lymphoma and Human Cell Lines 

After informed consent was obtained a tumor was obtained from a patient who had 
developed a BCL 7 years after an orthotopic heart transplant for ischemic 
cardiomyopathy. The tumor was minced and passaged. At surgery, portions of 
excised tumor were placed in either sterile saline, snap-frozen in liquid nitrogen, or 
fixed in neutral-buffered formalin. Those portions in saline were mechanically 
dispersed into single-cell suspensions and layered and placed in culture in 25-cm2 
flasks (CoStar) with RPMI 1640 (Sigma Chemical Co)/20% FCS with supplemental 
antibiotics. BJAB is an ATCC (American Type Culture Collection, Rockville, Md) 
line isolated from human Burkitt's lymphoma that is EBV negative. 

FACS Analysis 

FACS was performed by single- or double-staining of isolated cells by direct 
techniques using phycoerythrin- or fluorescein isothiocyanate-conjugated monoclonal 
antibodies. Cells were washed with cold PBS containing 0.5% BSA and 0.1% NaN3. 
The cells were then incubated with directly labeled antibodies for 30 minutes at 4°C. 
The cells were washed and analyzed in an EPICS C flow cytometer (Coulter) at 488 
nm for percent positivity on a log fluorescent scale. Background control tubes were 
incubated with directly labeled class-matched mouse Igs. Monoclonal antibodies CD4 
(OKT4), CD8 (OKT8), and CD 19 (OKB-PanB) from Ortho Diagnostics and CD3 
(Leu-4), CD19 (Leu-12), CD20 (Leu-16), CD22 (Leu-14), CD23 (Leu-20), and CD56 
(Leu- 19) from Becton-Dickinson were used for single and dual color-flow cytometry. 

SCID Mice 

SCID mice were obtained from a hysterectomy-rederived central inbred colony of 
defined flora-gnotobiotic stock maintained at Duke University. After transfer to a 
biosafety level 3 isolation facility, mice were maintained in filter-capped Micro- 
Isolator cages (Lab Products Inc). Cages were housed within a HEPA-filtered 
Blickman isolator system (Blickman), and mice were fed sterilized rodent chow. 
Before all manipulations, Micro-Isolator cages were transferred to a laminar flow 
Bioguard hood (The Baker Co), and animals were handled aseptically by investigators 
wearing sterile gloves, masks, and gowns. Blood samples were obtained from all mice 
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before their induction into experiments by retroorbital sinus bleeding. Serum from 
mice was screened for murine Ig by ELISA and total murine Ig levels were quantified 
using goat antimouse Ig. Mice with Ig levels greater than 0.01 mg/mL, indicative of 
leakiness of the SCID defect, were excluded from study. 

Histopathology 

The primary human tumor and SCID mice tumors were processed simultaneously. 
Formalin-fixed specimens were dehydrated and embedded in paraffin, and 5-jxm 
sections were cut and stained with hematoxylin and eosin for morphological 
evaluation. 

Immunohistochemistry 

Frozen sections (5 \im) prepared in the usual fashion were stained by an avidin-biotin 
procedure with a panel of monoclonal antibodies including CD20 (L26, B cell 
antigen; Dako), CD3 (pan-T cell antigen; Becton-Dickinson), and CD45 RO (UCHL- 
1, pan leukocyte antigen; Dako). 

Frozen sections were also stained with antibodies to EBNA 2 (EBV-encoded nuclear 
antigen 2) and LMP-1 (EBV-encoded latent membrane protein) from Dako Corp. 

Both frozen and paraffin sections were stained with polyclonal rabbit antihuman to 
kappa and lambda Ig light chain (Calbiochem-Behring Corp) for determination of 
clonality. 

In Situ Hybridization 

A biotinylated probe for EBV-DNA (Epstein-Barr virus Bioprobe-labeled probe; 
Enzo Diagnostics) was used for the detection of EBV genomes in formalin-fixed 
sections. 

Generation of Anti-EBV CTL 

Peripheral blood from the patient was diluted 1 :3 with PBS and layered over a Ficoll- 
Hypaque gradient. The mononuclear cell layer was then washed twice and 
cocultivated with gam ma- irradiated BCL in AIM-V media with 5% heat-inactivated 
autologous plasma for 7 days at a concentration of 1x106 cell/mL with a responder- 
to-stimulator ratio of 5:1 . Repeated stimulations of EBV-CTL were performed at days 
7 and 21 with irradiated BCL and a similar responder-to-stimulator ratio. After the 
second stimulation, recombinant interleukin-2 (rIL-2); 10 IU/mL, Chiron) was added, 
and the cells were counted and expanded every 3 days with the addition of fresh rlL- 
2. 

Cytotoxicity Assay 

Target cells were incubated with 51Cr04 washed, resuspended at 5x104 cells/mL, 
and combined in triplicate wells of 98-well round-bottom plates with effector cells for 
E-T (effector to target) ratios of varying numbers. Final volumes of each well were 
adjusted to 0.2 mL with AIM-V media. Wells containing only culture media and 
target cells or 5% triton and target cells served as spontaneous and maximum 51Cr 
release controls, respectively. The plates were incubated at 37°C in 5% C02 for 4 
hours; then 0.10 mL of medium from each well was removed for counting in a 
Packard Prias gamma spectrometer. Percent specific lysis was calculated by standard 
methods. 
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Tumor Cell Engraftment and Development 

A reliable and reproducible model of human B-cell tumors (SCID-BCL) in SCID 
mice has been developed in this laboratory. After engraftment with PBL (peripheral 
blood leukocytes), engraftment with PBL followed by inoculation with EBV, and 
engraftment of LCL (lymphoblastoid cell line) results in the development of B cell 
tumors. To test the effect of adoptive transfer of EBV-CTL on SCID/BCL 
development 25x106 EBV-CTL were inoculated into the peritoneal cavity of SCID 
mice 7 days after IP inoculation of 5x106 tumor cells or Dulbecco's PBS (Gibco). 
Mice were monitored twice weekly, weight and examination for tumor development. 
Mice were anesthetized with halothane (Fluothane; Ayerst), killed by cardiac 
puncture, and autopsied. At autopsy, thoracic and abdominal cavities were examined, 
and tumors were sectioned and cryopreserved in liquid nitrogen or fixed in 10% 
neutral-buffered formalin. All procedures were approved and conducted in 
accordance with institutional guidelines. 


Results 
Pathology 

The patient's primary tumor and those that developed in the SCID mice were 
polyclonal B-cell type as shown in Fig 1. The presence of EBV was confirmed in the 
primary patient's tumor and the SCID mice by in situ hybridization as seen in Fig 2. 
FACS analysis revealed significant staining of the tumor cells with B-cell markers 
CD 19 (95%) and 20 (84%) as well as the EBV receptor CD21 (92%). The EBV viral 
products EBNA 2 and LMP were noted by immunohistochemistry. 


Figure 1. Representative hematoxylin and eosin stain of EBV expressing 
posttransplant B-cell lymphoma, (magnification xlOO; inset, xlO.) 

Figure 2. Representative EBV in situ hybridization stain of EBV-expressing 
posttransplant B-cell lymphoma from patient or engrafted into SCID mice, 
(magnification xlOO.) 

FACS Analysis 

As shown in the Table, the EBV-CTL generated progressed to 97% CD3+ (pan-T 
cell) and 88% CD8+ (cytotoxic T cell) after 28 days of stimulation. The majority of 
CD8+ cells were positive for S6F1 (cytotoxic T cell). The population of B cells or 
natural killer (NK) target cells diminished with time, to near zero. 

Table 1. FACS Analysis of Cells in Culture 

Cytotoxicity Assay 

Effective cytolysis of the autologous targets was demonstrated by EBV-CTL 7, 14, 
and 21 days after stimulation as seen in Fig 3. No cytolysis of HLA-mismatched 
EBV-expressing cell lines was seen. Minimal cytolysis of the NK target K562 was 
seen on day 7, which diminished by day 14. There was no activity against LAK 
(lymphokine activated killer) cell target Daudi (data not shown). 
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Figure 3. Cytotoxicity assay of anti-EBV CTL 7 (A), 14 (B), and 21 (C) days after 
stimulation with autologous lymphoma cells. Percent specific lysis at various effector- 
target ratios for EBV-specific CD8+CTL against autologous posttransplant lymphoma 
cells (autologous), EBV-positive HLA-unmatched cells (HLA mismatched), and a 
natural killer target cell, K562 (NK). 

Adoptive Transfer of EBV-CTL 

Results of SCID-BCL and BJAB-BL engraftment and survival as well as the 
inoculation of EBV-CTL are shown in Fig 4. Engraftment of posttransplant B-cell 
lymphoma and Burkitt's lymphoma led to the characteristic tumor development and 
death of the animals in 50 days. Animals inoculated with EBV-CTL 7 days after 
engraftment with the EBV-negative cell line BJAB (Burkitt's lymphoma) showed no 
significant difference in survival from the animals engrafted with tumor and then 
given PBS (P=NS via log rank test). In contrast, animals given autologous EBV-CTL 
7 days after engraftment of EBV-expressing BCL had no deaths (P<.05 via log rank 
test). 

Figure 4. A, Kaplan-Meier survival curves of SCID mice engrafted with EBV- 
expressing posttransplant B-cell lymphoma (Post Tx-BCL) and PBS compared with 
EBV-expressing posttransplant B-cell lymphoma followed by autologous EBV- 
specific cytotoxic T lymphocytes (Post-Tx BCL+CTL). There was a significant 
difference (P<.05) as determined by the log rank test. B, Kaplan-Meier survival 
curves of SCID mice engrafted with EBV-negative B-cell Burkitt's lymphoma 
(BJAB-BL) and PBS compared with EBV-negative Burkitt's B-cell lymphoma 
followed by EBV-specific cytotoxic T lymphocytes (-BJAB-BL+CTL). There was no 
significance difference (P=NS) as determined by the log rank test. 

Discussion 

Cell-mediated immune responses to EBV infection are considered to be more crucial 
to the outcome of infection than the humoral responses. A lymphocytosis is composed 
primarily of CD3+/CD8+ T lymphocytes and is usually seen in acute EBV infection. 
This early response appears to be a polyclonal T cell activation. Two to 8 weeks after 
active EBV infection, a more EBV-specific T-cell response can be seen by in vitro 
proliferation to viral antigen and EBV-specific HLA-restricted lysis of EBV-infected 
B cells.7 8 9 EBV-CTLs have been cloned from the blood of EBV seropositive 
donors and inhibit cytotoxicity that is highly specific for EBV-infected cells and are 
HLA restricted. 10 11 

Wherever productively infected cells are cleared by the immune system, latently 
infected B cells persist for the life of the host. In fact, B cells infected with EBV 
become immortalized B-cell lines and provide a model system of EBV latency. 12 13 

Evidence suggests that cellular immune response may be effective in controlling 
EBV-associated LPDs and BCLs in patients who have undergone transplantation. 14 
15 The term LPD applies to the development of continuously proliferating B 
lymphocytes, presumably stimulated by EBV infection. This is believed to be related 
to the failure of the immune system, especially the T-cell population, which is 
suppressed by drugs such as cyclosporine, to respond normally to EBV-infected B 
lymphocytes. 1 6 1 7 The fact that the risk of LPD and the mortality from it increases 
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with the duration of immunosuppression adds validity to this theory. In approximately 
89% of patients in whom BCL developed within 1 year of transplantation, there was 
complete regression of the lesions after reduction of immunosuppressive therapy 
alone.18 19 Thus, the decrease in number or function of EBV-CTL may allow for 
unchecked proliferation of EBV-driven LPD. 

One report on EBV-associated LPD after allogeneic bone marrow transplantation 
documented successful eradication of disease after infusions of donor-derived pooled 
leukocytes. Because of the known high-frequency of EBV-specific CTL precursors in 
the blood of seropositive normal donors, it is reasonable to suggest that donor-derived 
EBV-reactive T cells had a critical role in the response noted. More specific therapy 
with just EBV-CTL may provide a tailored approach with less systemic side effects. 
Continued study of the mechanisms underlying the cause of EBV-driven LPD and the 
cellular immune response, including the EBV-specific CTL response to it, may 
provide novel treatment strategies against BCLs in the organ-transplant recipient. 
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We report the 3-D arrangement of DNA within the nucleo- 
lar subcomponents from two evolutionary distant higher 
plants, Zea mays and Sinapis alba. These species are partic- 
ularly convenient to study the spatial organization of plant 
intranucleolar DNA, since their nucleoli have been previ- 
ously reconstructed in 3-D from serial ultra- thin sections. 
We used the osmium ammine-B complex (a specific DNA 
stain) on thick sections of Lowicryl-embedded root fragments. 
Immunocytochemical techniques using and -DNA antibodies 
and rDNA/rDNA in situ hybridization were also applied 
on ultra-thin sections. We showed on tilted images that the 
OA-B stains DNA throughout the whole thickness of the 
section. In addition, very low quantities of cytoplasmic DNA 
were stained by this complex, which is now the best DNA 


stain used in electron microscopy. Within the nucleoli the 
DNA was localized in the fibrillar centers, where large clumps 
of dense chromatin were also visible. In the two plant spe- 
cies intranucleolar chromatin forms a complex network with 
strands partially linked to chromosomal nudeolar-organizing 
regions identified by in situ hybridization. This study 
describes for the first time the spatial arrangement of the 
intranucleolar chromatin in nucleoli of higher plants using 
high-resolution techniques. [J Histochcm Cytochcm 
39:1495-1506, 1991) 

KEY WORDS: Nucleolus; rDNA; Nucleolus-associated chromatin; 
Root cells; Anti-DN A antibody; Osmium ammine; Zea mays; Sinapis 
alba. 


Introduction 

The chromatin organization of the interphase nucleus has been 
investigated for many years. From recent data, we can argue that 
interphase chromosomes occur in well-defined nuclear domains 
(8,21,29,30,36,37). Concerning the nucleolar chromatin, it is well 
known that each metaphasic nucleolus organizer region (NOR), 
which contains the genes coding for the precursors of ribosomal 
RNA (rDNA). is a well-defined part of an NOR-bearing chromo- 
some. The number of NOR-bearing chromosomes varies accord- 
ing to the species. At the end of telophase each NOR, or part of 
it, is responsible for the formation of one nucleolus (9,11,17.31)- 
During interphase the nucleoli may fuse together. However, the 
exact localization of the nucleolar chromatin, i.e., of the rDNA mol- 
ecule, within the active nucleolus is still unknown and is the subject 
of controversy (see Discussion). Its three-dimensional distribution 
is still totally unknown. By electron microscopy, five subcomponents 
can be distinguished in a transcriptionally active nucleolus: the fibrillar 
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centers (FCs), the dense fibrillar component (DFC) which surrounds 
the FCs, the granular component (GC), the highly contrasted 
nucleolus-associated chromatin (NAC) observed at the periphery 
of the nucleolus, and small, less electron-opaque spaces, referred 
to as nucleolar vacuoles. 

The unambiguous localization of rDNA in these subcompo- 
nents could be essential for the understanding of the functional 
organization of the nucleolus. In the present study we have used 
DNA- specific osmium ammine staining on thick sections, immu- 
nocytochemical technique, and in situ hybridization to localize 
rDNA and to study its spatial distribution in an active plant nucleo- 
lus at the electron microscopic level. Compared with animal mate- 
rial, the plant cell nucleolus exhibits specific advantages: (a) The 
NAC. restricted to heterochromatic knobs located at the nucleolar 
periphery, are parts of the interphasic NORs (32,36,37; and this 
report). On the contrary, in animal nucleoli, a peripheral ring of 
NAC of an unknown nature is always observed. The relationships 
between this peripheral chromatin and the intranucleolar rDNA 
arc not well defined (43); (b) the DFC is large and constitutes the 
main structure of the plant active nucleolus; and (c) the active 
nucleoli of the two plant species here studied have been previously 
three-dimensionally reconstructed from serial ultra-thin sections 
(10,32). 


1495 


1496 


MOTTE, LOPPES, MENAGER, DELTOUK 


The localization and spatial arrangement of ribosomal chroma- 
tin is discussed and compared with the recent data on rDNA dis- 
« tribution in both plant and animal nucleoli. 


Materials and Methods 

Germination Procedure 

Bacches of 30 seeds of Zea mays and Sinapis alba were germinated in petri 
dishes on cotton wool and filter saturated with distilled water. They were 
incubated in darkness in an Ehret -con trolled temperature chamber at 16'C 
and 9*C. respectively. Germination began when the seeds were placed in 
contact with water. The maximum percentage of germinated seeds was al- 
ways over 90%, and the rates of germination were very similar for both spe- 
cies. One hundred twenty hours after germination embryonic roots were 
about 3 cm in length. 

Tissue Preparation 

The distal millimeter of roots was excised from quiescent embryos and. 
120 hr after sowing, rapidly immersed in a solution of 4% formaldehyde 
(freshly prepared from paraformaldehyde) in 0.1 M Sorensen buffer (pH 
7.0) and maintained for 2 hr at room temperature. The root caps were ex- 
cised and discarded. The root fragments were washed three times in 0.1 
M Sorensen buffer at 4*C. The samples were then embedded in Lowicryl 
K4M at low temperature according to Carlcmalm et al. (6) with longer in- 
filtration periods. Semi-thin and ultra-thin sections were cut with a dia- 
mond knife in the cortex 1 mm from the root tips with a SorvaJ Porter 
Blum MT2 ultramicrotome. After the reactions described below, the sec- 
tions were observed with a Siemens Elmiskop 101 or a Zeiss electron micro- 
scope EM 109 at 80 kV. 


Osmium Ammine-B (OA-B) Staining 

OA-B was synthesized according to Oliro ct al. (33). Semi-thin sections 
about 0.5 um thick realized in maize and Sinapis alba root fragments were 
mounted on 300- mesh gold grids without formvar support. Before the OA-B 
staining the sections were treated with 1 mg/ml pre-digested pronasc 
(Boehringer; Mannheim. FRG) for 1 hr at }7*C in "Iris-HCl 10 mM (pH 
7.2). For the staining, the grids were first floated, sections facing the solu- 
tion, on the surface of a 5 N HCI solution for 25 min at room temperature. 
The grids were then thoroughly washed with distilled water and floated . 
on some drops of water until osmium ammine-B solution was ready. A 0.2% 
aqueous solution of OA-B was bubbled with SOj for 20 min. The staining 
of DNA was performed for 60 min at 37 *C in a well-covered container, 
sections floating on the solution. The grids were thoroughly jet-washed with 
distilled water. We performed successively two ultra-thin and one semi- 
thin serial sections. The two ultra-thin sections were stained with uranyl 
and lead (Ur-Pb), while the thick section was stained with OA-B. 

Some thick sections were observed with a Jeol 200CX at 200 kV. Sec- 
tions were tilted with an eucentric goniometer stage from -18 to +18' 
by 6' steps. Stereo pairs of tilted images were mounted to be observed with 
a pocket stereovicwer according to Ploton et al. (35). 

Electron Microscopic Immunocytochemistry 

Yellow ultra-thin sections of embedded Zea mays fragments were mounted 
on formvar-coated gold grids. For labeling the grids were processed at room 
temperature as described below. The sections were incubated on 20 ul of 
PBS. pH 7.5. containing 0.5% BSA. 0.1% Tween 20 (PBST), and normal 
goat serum diluted 1:20, for 30 min. Then the grids were floated on 10 
ul of PBS containing IgM mouse monoclonal DNA antibodies (30 ug/ml; 
Boehringer) and 1:50 normal goat serum, for 3 hr. The grids were washed 
with PBST twice for 10 min, then were incubated on 20 ul of PBST (pH 
8.2) containing 1:75 goat anti-mouse IgM coupled to 5-nm gold particles 



Figure 1. Stereo pair of Zea mays m eta- 
phase chromosomes stained with OA-B 
complex, observed at 200 kV. One- urn thick 
section. Long chromosome segments lo- 
cated at different level in the section are 
stained atl along their length without inter- 
ruptions. This demonstrates that the OA-B 
complex penetrates through the entire 
Lowicryl section. Note that when a chromo- 
some is longitudinally sectioned the portion 
within the section is less thick and thus is 
less stained. Original magnification x 6800. 
Bar - 1 um. 


Figure 2. (a) Electron micrograph of a Lowtcryl K4M -embedded nucleolus (N) of Zea mays, a monocotyledon. The subcomponents are visible and well discrimi- 
nated: the OFC (0 is the main component surrounding a few FCs (arrowheads) often associated with small vacuoles or interstices (small arrows). The whole fibrillar 
component (OFC and FCs) which forms the nudeotonema is enclosed within the granular component (g). Uranyl and lead staining, (b) Semi-thin section of a 
nuclear portion of Zea mays stained with osmium ammine-B complex. The DNA-contalnlng structures are well contrasted In the nucleoplasm (Nu). At low magnifica- 
tion, the nucleolar subcomponents are still easily visible owing to their remnant electron opacity after the pronase digestion. The OFC (f) appears like homogeneous 
bleached large zones and the QC (g) like interspersed clear gray and bleached zones. The FCs (arrowheads) appear like small contrasted areas embedded in 
the DFC and contain DNA stained by the OA-B complex. In some cases the granular component is directly in contact with a fibrillar center (double arrows). The 
cytoplasmic DNA Is also visible (white arrowhead), (c) High magnification of the three upper left FCs (arrows) of b. Clumps of chromatin fibers (small arrows) 
are well visible inside small areas probably corresponding to FCs. DNA fibers are not observed within the surrounding DFC (f). g, granular component. Original 
magnifications: a,b x 6000; c x 20,000. Bars: a.b - 1 um; c - 0.1 urn. 


Figure a Throe consecutive serial sections of a nucleolus (N) of Zee mays, 
(a.b) Ultra-thin sections stained with Ur-Pb. As in Figure 2, the nucleolar sub- 
components are well discriminated. FCs (arrowheads) are surrounded by the 
dense fibrillar component (f). (a) Attention must be focused on two large dis- 
tinct FCs (long arrows), (b) The two arrowed FCs are still visible, but they now 
appear connected by a fine bridge of clear material (small arrowheads). A ramifi- 
cation emerges from the summit of the lower right FC (small arrow), (c) Semi- 
thin section (05 urn) stained with OA-B complex. Superim position of a,b, and 
c clearly shows that the bleached zones correspond to the OFC (0 which sur- 
rounds positively DNA-stained clumps (arrowheads). Some of them can be su- 
perimposed to FCs like the two arrowed in a and b (long arrows). The intercon- 
necting bridge (small arrowheads) and the ramification (small arrow) contain 
DNA. The granular component (g) is visible at both the periphery and the cen- 
ter of the nucleolar section. Original magnifications: a.b x 12.700; c x 8000. 
Bars - 1 Mm. 


(Janssen Life Sciences; Beerse, Belgium) for 60 min. The grids were rinsed 
three times for 10 min in PBST and three times in distilled water. The sec- 
tions were stained with uranyl acetate. Controls were performed by incubating 
sections with either distilled water, PBS, or normal mouse serum in place 
of the anti-DNA antibody. Ultra-thin sections labeled with the anti-DNA 
antibody were also stained by the OA-B as described above, without pronasc 
digestion. 


In Situ Hybridization Procedure 

Preparation of the Biotinylated Probe. Plasmid pMrl (48) contains parts 
of the 25S and 18S rRNA coding regions and one complete spacer region 
of a maize rRNA transcription unit. The 0.75 KB Sma I fragment of the 
25S rRNA coding sequence was subcloned into pUC9. The presence in the 
insert of Bgl II and Bam HI sites was verified. One microgram of the plas- 
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mid (pULG-1) was labeled with biotin-1 1-dUTP by nick translation using 
the BluGENE kit from Bcthesda Research Laboratories (Gaithersburg, MD). 
The probe was purified by gel filtration on Sephadex G-50. precipitated 
by ethanol, then dissolved in 50 ul sterile water and stored at - 20*C. Spots 
of 6 pg (in 3 ul) of the probe were easily detected on nitrocellulose filters 
using streptavidin-alkaline phosphatase conjugate, then nitroblue tctrazo- 
lium and 5-bromo-4-chloro-3-indolylphosphate according to the recom- 
mendations of the supplier. 

In Situ Hybridization (rDNA-rDNA). Yellow sections of Zca mays sam- 
ples, collected on formvar- coated gold grids, were first submitted to enzy- 
matic digestions performed at 37 "C in a moist chamber. The sections were 
digested for I hr by 1 mg/ml pre -digested pronasc in 10 mM Tris-HCl (pH 
7.2), then treated for 1 hr by pre-boiied RNAse (1 mg/ml in 10 mM Tris- 
HCl. pH 7.2). The grids were then subjected to three 10-min rinses in dis- 
tilled water and air-dried. Cellular DNA was denatured for 10 min at 80*C 
in 75% (v/v) deionized formamide in 2 x SSC (1 x SSC - 0.15 NaCl. 
0.015 M sodium citrate, pH 7.0). The sections were then immediately dipped 
into ice-cold 0.1 x SSC, dehydrated in an ethanol series of 50%, 75%, 
and absolute ethanol, and air-dried for a few minutes. The probe diluted 
in the hybridization buffer (50% deionized formamide/ 10% dextran sul- 
fate/1 x Denhardt's solution/ 1 mM EDTA/600 mM NaCl / 500 ug.ml" 1 
herring sperm DNA/25 mM Tris-HCl, pH 7.2) was denatured for 4 min 


at 100'C. Hybridization buffer contained biotinylated probe at 0.8-1.0 
ug/ml. The grids were floated overnight at 40*C in a moist chamber on 
5 ul of the denatured hybridization solution. Grids were then floated three 
times for 10 min on drops of PBS, incubated successively in mouse ami- 
biotin antibody (Daxcn Santa Barbara, CA) and goat anti-mouse IgG con- 
jugated to gold particles 3-5 nm in diameter (Jansscn), and finally stained 
with uranyl acetate before examination. Controls were performed by in- 
cubating sections on either hybridization buffer or hybridization buffer con- 
taining the biotinylated pUC9 plasmid. 

Results 

One hundred twenty hours after the onset of germination, the fully 
functional nucleolus was capable of both synthesizing and processing 
prc-rRNAs (50). It was composed of well-segregated granular and 
fibrillar components. 

Osmium Ammine-B Staining 

The osmium ammine complex is known to be a specific stain for 
DNA in electron microscopy (12.13). To increase the contrast of the 
chromatin fibers and to study three -dimensionaUy the intranucleolar 


IM 


Figure 4. Semi-thin section of a maize nucleolus (N) stained with OA-B complex. One peripheral knob of the nucleolus-assodated chromatin (NAC) Is visible, 
from which a continuous and mutt I branched DNA-containlng structure intrudes Into the nucleolus. The ramlfteattona are shown by arrows. Original magnification 
x 22,000. Bar - 1 urn. 
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DNA, the OA-B reaction was applied on semi-thin sections of 
Lowicryl K4M -embedded root fragments. In this polar embedding 
resin, the OA-B complex stained the DNA-containing structures 
throughout all the semi -thin section thickness, as seen very well 
on the tilts of the metaphasic chromosomes (Figure 1). It must be 
noted that in Lowicryl K4M sections the OA reaction is specific 
for the nucleic acids (12). However, the pre- treatment with hydro- 
chloric acid removes all the ribonucleic acids from the section. Differ- 
ent times of HC1 hydrolysis (from 10-35 min) were realized with- 
out modification of the specificity and quality of the staining (data 
not shown). When a DNAse digestion was performed, the con- 
trast of DNA-containing structures disappeared (unpublished 
results). We performed a pronase digestion before OA-B staining 
to strongly decrease the electron opacity of the nucleolar section 
under the EM, which was mainly due to proteins. In our material 
and working conditions very good staining of chromatin fibers was 
obtained in Zea mays (a monocotyledon) as well as in Sinapis alba 
(a dicotyledon) (Figures 2-6). After the OA staining on thick sec- 
tions the DNA was heavily stained in both the cytoplasmic organelles 
(mitochondria and plastids) and the nucleus (Figures 2 and 5). In 
the nucleoplasm, irregular clumps of chromatin, sometimes in con- 
tact with the nuclear envelope, were densely stained. From them, 
fine non-nucleosomal DNA filaments about 3 nm thick emerged 
and irradiated within interchromatin zones (data not shown). A 
large roundish space corresponding to the nucleolar body showed 
bleached areas surrounding some entities of higher electron opacity 
containing contrasted DNA filaments. The bleached areas cor- 
respond to the dense fibrillar component, which is known to con- 
tain a large amount of proteins (25,28). The small areas surrounded 
by the DFC correspond to the FCs. The granular component ap- 
peared like interspersed clear gray and bleached zones. To unam- 
biguously identify the nucleolar subcomponents, we performed su- 
perimposition of successive ultra-thin sections stained with Ur-Pb 
and a thick section stained with the OA-B complex. Comparison 
of Figures 3a, 3b, and 3c clearly showed that the entities within 
the DFC were FCs containing chromatin fibers. Moreover, the DNA 
localization was sometimes restricted to particular regions of the 
FCs. The DFC and the GC did not contain any detectable DNA. 
At higher magnification on ultra-thin sections stained with OA-B, 
10-1 3 -nm thick granules considered as nudeosomes were seen in 
the FCs (Motte et al., manuscript in preparation). On some sec- 
tions we could sec very well the continuity and the ramifications 
of the intranucleolar chromatin which is located in a complex net- 
work (Figures 4-6). The internal NAC appeared to be ramified as 
soon as it intruded within the nucleolus (Figure 4). The ramifica- 
tions were often visible at the level of large masses of dense chro- 


matin probably corresponding to the core of the heterogeneous 
FCs (Figure 6). In some rare sections, loops of internal NAC were 
observed (data not shown). 

lmmunocytochemical Localization of DNA 

We localized the DNA by means of a mouse monoclonal antibody 
directed against single- and double-stranded DNA. Immunolabel- 
ing was performed on ultra-thin Lowicryl sections. After the im- 
munoreactions gold particles were essentially observed over the dense 
chromatin in the nucleus (Figure 7) and over the clumps of dense 
NAC located at the nucleolar periphery (not shown). Large 
nucleoplasms areas were devoid of labeling. Over the nucleolus, 
gold particles were present over electron-clear areas corresponding 
to FCs. On some sections the labeling was observed at the border 
of the FCs (Figure 7a). To compare the respective efficiency of the 
OA-B complex and the ami -DNA antibody, we stained ultra-thin 
Lowicryl sections by both methods. We observed that the gold par- 
ticles were strictly located over structures stained with the osmium 
ammine-B complex, but the density of gold particles over the dense 
chromatin was weak (Figure 7b). This is due to the reaction of the 
anti-DNA antibody with only the DNA molecule at the surface 
level of the section, whereas the OA-B stains DNA included in the 
entire section thickness. Thus, the use of the anti-DNA antibody 
is insufficient to reveal the continuity of the intranucleolar chro- 
matin. 

In Situ Hybridization 

We performed in situ hybridization on ultra-thin Lowicryl sections 
of quiescent maize embryos because the quiescent state offers cer- 
tain advantages: the NAC appears like two knobs adjacent to the 
periphery of the nucleolus, is very compact, and permits high sig- 
nal/background labeling. Indeed, after the in situ hybridization 
we saw very well the gold particles concentrated in the region cor- 
responding to the NAC (Figure 8). Therefore, these knobs cor- 
respond to the NORs which, as previously shown, stretch out and 
run inside the nucleolus during early germination. 

Discussion 

Localization of DNA in the Interphase Nucleolus 

Previous ultrastructural and cytochemical studies have suggested 
the presence of DNA in the fibrillar component of plant and ani- 
mal nucleoli (1,17,28). More recently, by means of the OA reaction 


Figure 5. (a) Electron micrograph of a nucleolus (N) of Sinapis alba, a dicotyledon. The dense fibrillar component (f) appears as large electron-opaque areas 
surrounding many small FCs (arrowheads). The granular component (g), which is more compact than in maize, envelopes the entire fibrillar component, (b) Semi- 
thin section of a nucleolus (N) of Sinapis alba stained with OA-B complex. As In maize, one can dearly recognize the strongly bleached DFC (f) surrounding 
small FCs (arrowheads) which react positively with OA-B. The granular component (g) appears (ike a homogeneous clear gray zone. Note that, first, the GC is fre- 
quently observed in close contact with FCs (double arrows), and second, nucleolar vacuoles (long thin arrows) are present in both the DFC and OC. They appear 
as areas slightly more electron opaque than the QC. This Is due to the intrinsic opacity of the acrylic resin, which is more abundant in this nucleolar subcomponent. 
In the DFC the vacuoles are always associated with the DNA internal to FCs. k is probably a karyosome. (e) High magnification of the three bottom right FCs 
(arrows) of b showing the DNA clumps located in the FCs. The DFC seems to be devoid of DNA. The contact between the GC (g) and the DNA Internal to FCs 
is particularly well visible. Small threads of DNA (small arrowheads) originate from the large clumps. They are probably ramifications or interconnections between 
chromatin dumps, as more dearly observed in Figure 6. Original magnifications: a x 4700; b x 6000; c x 20.000. Bars: mjb - 1 urn; c - 0.1 urn. 
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Figure 6. Seml-thln section of nucleolus (N) of Sin apis alba stained with OA-B complex. (a) The FCs form a complex network, the Interconnections of which are 
small threads of ON A. (b,c) High magnifications of the two nucleolar portions 1 and 2. The progressive stretching out of the compact DNA (arrows) Is clearly 
apparent (arrowheads). Some ramifications are so thin that they are probably constituted of one or a few rDNA molecules. Original magnifications: a x 4000; 
b.c x 20,000. Bars - 1 tim. 
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Figure 7. (a) tmmunocytochemlcal localization of DNA on Lowicryl K4M sections of Zea mays using a monoclonal antl-DNA antibody. Uranyl staining, (a) View 
of an FC surrounded by a thick layer of OFC (f). Labeling Is present In the FC (arrowheads). The DFC and the granular component (g) are devoid of gold particles. 
The fibrillar texture of the OFC is well visible on this micrograph, (b) Portion of a nucleus of Zea mays labeled with anti-DNA antibody and stained with the OA-B 
complex. Note that the HCl hydrolysis does not remove the gold particles. If there is a good superlmposltion of the detection methods, the density of the gold 
particles is not sufficient to detect all the ONA and to delineate precisely the DNA-contalning regions. In contrast, the latter can be strictly mapped by the OA-B 
complex. Original magnification x 40,000. Bars: a - 1 nm; b - 0.1 \xm. 
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Figure 8. In situ hybridization on protease-RNAse-digested Lowicryt section of a quiescent maize nucleolus (N). The gold particles are restricted to the peripheral 
knob of the nucleolus-aasociated chromatin (arrows) in close association with fibers of DNA. The two knobs observed at the periphery of the maize nucleolus 
correspond to the two nucleolus-organizer regions present in this species. Original magnification x 20,000. Bar - 1 um. 


on animal tissues, Dcrenzint ct al. (13) have established that DNA 
is present within the FCs and probably in the DFC, and is con- 
stituted of extended non-nuctcosomal 3-nm thick filaments. How- 
ever, after the OA reaction the identification of the FCs and tight 
DFC is not reliable in animal nucleoli. On the basis of qualitative 
(9,17) and quantitative (15) high-resolution autoradiographic 
studies, it has generally been admitted that the DFC corresponds 
to the transcriptionally active part of the interphase NOR. How- 
ever, autoradiography can be criticized because a displacement of 
labeled primary rRNA transcripts could rapidly occur and /or the 
labeling could also result from 5S rRNA synthesized elsewhere in 
the nucleus and rapidly transferred into the DFC (44). In this con- 
nection, some recent biochemical studies have disclosed that the 


intergene spacer is transcribed in various animal cells (Xenopus* 
Drosopbila, mammalian species) (3.7,14,20,22,45). The spacer tran- 
scripts are highly unstable in vivo and a rapid processing and degra- 
dation of them is likely to occur (20,45). Therefore, one can not 
state with certainty that DFC contains DNA. In addition, some 
recent immunocytochemical studies have led to challenge of this 
view. Scheer et al. (41,42) have detected the anti-RNA polymerase 
I antibodies exclusively in the FCs of various cell lines. A similar 
nucleolar localization was also found for anti-topoisomerase I and 
anti-DNA antibodies (38,40,46). Benavente ct aJ. (4,5). using a 
different approach, support the idea that DFC is a genuine entity 
not constituted by the superimposition of transcriptional units of 
rDNA and primary transcripts. The rDNA localization with in situ 
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hybridization techniques in active animal nucleoli provides con- 
troversial results (47,51). Taken together, these results cast doubts 
on the localization of the primary sites of transcription in the DFC 
In the present study, we detect DNA mainly in the FCs of inter- 
phase plant nucleoli. The penetration of the OA complex through- 
out the section thickness shows any very weak quantity of DNA 
and thus allows study of the 3-D organization of DNA on thick 
sections. On semi-thin sections digested by pronase and stained 
by OA, the nucleolar subcomponents are well discriminated and 
recognizable by their electron opacity. The nucleolar subcompo- 
nents appear like a negative micrograph of an ultra-thin section 
stained with uranyl and lead. This was confirmed by the superim- 
position of successive ultra-thin sections and OA-stained thick sec- 
tion. It is beyond doubt that DNA chromatin Fibers are located 
in FCs. A potential problem in the interpretation of our results 
is the possibility that the processes of the OA staining would spe- 
cifically destroy the DNA fibers contained in the DFC. Since the 
OA complex stains very small DNA amounts in the FCs, in the 
nucleoplasm, and in the cytoplasmic organelles, it follows that if 
DNA is present in the DFC it should be structurally different and 
more flimsy than the other DNA fibers. Possibly this could occur 
following the pronase digestion. However, because we know of no 
data reporting such observations, this process appears to us highly 
improbable. Therefore, our results support the studies suggesting 
that rDNA is localized only in FCs in higher plant (36,37) as well 
as in animal cells (2,38,40-42,46). 

Spatial Organization of the 
lntranucleolar Chromatin 

Early cytological studies on the nucleolus have already described, 
in light microscopy, an intranucleolar filamentous structure gener- 
ally called the "nucleolonema" (sec 11 for references). These filamen- 
tous structures are detected in animal cells after drug treatment 
(16,18,26,39) or after removal of arginine from the culture medium 
(19), and in plant cells after treatment of isolated nuclei with a 
detergent (23.24). The nucleolonema may also appear as a natural 
structure in the epidermal cells of Calpodes in relation to the con- 
tent of hcmolymph ecdysteroid (27). In situ hybridization has shown 
that in human glioma cells, ribosomal genes form intranucleolar 
strands 0.2 urn thick (29). 

By means of 3-D reconstructions of nucleoli from serial ultra- 
thin sections in the two species studied here, we have previously 
shown that the nucleolonema is ramified and appears as an arbores- 
cent structure mainly composed of fibrillar material, the axis of 
which appeared in transverse or oblique sections as homogeneous 
and heterogeneous FCs (10,32). However, we had no information 
on the localization of DNA and ribosomal genes in this filamen- 
tous structure. In the present study, we have shown a defined 3-D 
organization of the intranucleolar chromatin which forms a very 
complex filamentous structure within an active higher plant cell 
nucleolus. This structure is continuous and ramified. In 3-D recon- 
structions it was sometimes difficult to follow the continuity of the 
FCs. Indeed, we see very clearly on thick sections stained with the 
OA complex that the axis of the nucleolonema (containing DNA) 
can be so thin at some places (Figures 6 and 7) that it cannot be 
visible on ultra-thin sections stained with Ur-Pb. This led to the 


conclusion that the FCs are discrete entities. The body of the above 
data confirm here that each nucleolonema is fixed by its base to 
an interphase NOR-bearing chromosome from which it is a lateral 
extension. 

The nudeolonemata probably contain the ribosomal genes since, 
during early germination, each of them comes from the stretching 
out and the intrusion within the nucleolus of the two peripheral 
knobs in which in situ hybridization has disclosed the presence of 
all the rDNA. These peripheral knobs correspond to the NORs. 
The two NORs adjacent to the nucleolar periphery observed in 
quiescent maize cells are still partially visible in the transcription- 
ally active nucleolus. They probably correspond to transcription- 
ally inactive rDNA of the heterochromatic segment of the inter- 
phase NOR not involved in the formation of the nucleolus 
(32,34,36,37). To our knowledge, this is the first time that in elec- 
tron microscopy a very ordered spatial distribution of intranucleo- 
lar chromatin is described in situ in a particular nucleolar subcom- 
ponent, the FCs. As previously shown (9), the FCs of maize and 
Sinapis nucleoli are small entities (between 0.22-0.58 um in di- 
ameter), although the transcription units of these two species mea- 
sure respectively 1.7 and 1.9 um. Moreover, the transcriptionally 
active ribosomal genes in one nucleolus could number several hun- 
dred (34). This means that the rDNA should be highly compacted 
in the FCs. In animal cells, Troster et al. (49) have observed that 
these genes are compacted by a factor of 4. 

Since we have observed arborescent nudeolonemata which some- 
times present loops in two evolutionary distant plant embryos, we 
can propose that the nudeoloncmatal organization is general for 
higher plants. 
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Insertion (21 ;8)(q22;q22q22): a masked t(8;21) in a patient with 

acute myelocytic leukemia. 
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A 43-year-old man was diagnosed with acute myelocytic 
leukemia with cellular maturation (AML-M2, according to the 
French-American-British classification criteria). A cytogenetic 
study with a G-banding method initially reported the karyotype 
as 45,X,-Y; however, dual-color, dual-fusion fluorescence in 
situ hybridization (FISH) with probes for the AM LI and the ETO 
genes showed an unusual pattern of signals, presenting one 
fusion signal on chromosome 21. Molecular study by reverse 
transcriptase polymerase chain reaction revealed the presence 
of a typical AML1/ET0 chimeric gene. FISH with whole- 
chromosome painting probes targeting chromosomes 8 and 21 
revealed insertion of part of 8 chromosome into the long arm 
of chromosome 21. We concluded that complicated 
translocations involving chromosomes 8 and 21 in this patient 
resulted in the development of the chimeric gene, AML1/ET0, 
on the long arm of chromosome 21. This aberrant location of 
AM LI/ ETO gene and the final karyotype of 45, X,- 
Y,ins(21;8)(q22;q22q22) could not be determined without 
molecular analysis. This abnormality is considered a masked 
t(8;21). 
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Detection of Pneumocystis carinii in Respiratory Specimens by 
PCR-Solution Hybridization Enzyme-Linked Immunoassay 
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By using a recently developed PCR-solution hybridization enzyme-linked assay (PCR-SHELA), we investi- 
gated Pneumocystis carinii in bronchoalveolar lavage fluid samples and induced sputa of patients with pneu- 
mocystosis. In detecting P. carinii, PCR-SHELA proved more sensitive than immunofluorescence staining or a 
single PCR and significantly more diagnostically specific than a nested PCR. Our data suggest that PCR- 
SHELA could be used to detect P. carinii organisms in respiratory samples, particularly in patients with 
uncertain diagnoses. 


PCR plus hybridization, especially nested or heminested 
PCR, has considerably increased the sensitivity of diagnostic 
tests for Pneumocystis carinii pneumonia (PCP) in respiratory 
specimens (4, 7, 8, 12). Several investigators have described the 
use of a PCR-based assay, consisting of detection of PCR 
products by an enzyme immunoassay (EIA) for the diagnosis 
of infectious diseases (3, 13). Recently, Cartwright et al. (1) 
have used a PCR-EIA to detect P. carinii in respiratory sam- 
ples. Continuing our program of research into the molecular 
diagnosis of PCP, we assessed the ability of a new PCR-solu- 
tion hybridization enzyme-linked assay (PCR-SHELA) to de- 
tect P. carinii in bronchoalveolar lavage fluid and induced 
sputum of human immunodeficiency virus (HlV)-infected pa- 
tients suspected of having PCP. 

Fifty-nine bronchoalveolar lavage and 66 induced sputum 
samples were obtained from 125 HIV-infected patients (91 
men, 34 women; age range, 24 to 61 years) at the Department 
of Infectious Disease, Catholic University, Rome, Italy. All 
patients had no previous history of PCP. Patients underwent 
bronchoalveolar lavage for acute respiratory illness (fever, 
cough, shortness of breath) with abnormal chest signs and/or 
arterial hypoxemia and/or chest X-ray abnormalities, for un- 
explained pyrexia, or for suspected malignancies. Bronchoal- 
veolar lavage was performed before starting high-dose anti-P. 
carinii therapy by two operators using the same multiple-lobe 
sampling technique. Sputum was induced by trained respira- 
tory technicians using a protocol described by Ng et al. (5). 
Specimens were immediately processed and examined blindly, 
some aliquots were cultured in accordance with standard pro- 
cedures to detect other pathogens. 

The presence of P. carinii was tested by morphological stain- 
ing and DNA detection by PCR. Immunofluorescence staining 
was performed with a commercial kit with monoclonal anti- 
bodies specific for cyst wall antigens (Monofluokit P. carinii; 
Diagnostic Pasteur, Paris, France). Immunofluorescence tests 
were considered positive if five or more cysts were detected on 
a smear. 

Before PCR, bronchoalveolar lavage and induced sputum 
specimens were digested for 2 h at 55°C with proteinase K 
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(final concentration, 0.5 mg/ml; Sigma). A PCR amplifying a 
portion of mitochondrial large-subunit rRNA was used with 
specific primers (11). In brief, pAZ102-E (5 ' -G ATGGCTGT 
TTCCAAGCCCA-3') and pAZ102-H (5 '-GTGTACGTTGC 
AAA GTACTC-3 ' ) (12) were used as outer primers for the first 
amplification round (mt-LSU single PCR) in a reaction volume 
of 25 uJ containing 10 mM Tris-HCl (pH 8.3), 50 mM KC1, 3.0 
mM MgCl 2 , 0.2 mM each deoxynucleoside triphosphate, 1 mM 
each primer, and 2.5 U of Taq polymerase (Amplitaq; Perkin- 
Elmer). A hot-start technique was used. One microliter of the 
first amplification product was reamplified in a second reaction 
buffer (25 u,l) containing the internal primer pair pAZ102-X 
(5 ' -GTGAAATACAAATCG G ACTAGG-3 ' ) and pAZ102-Y 
(5 '-TCACTTA ATATTAATTGGGG AGC-3 ' ) (mt-LSU nested 
PCR) (9, 11). The two amplification products (346 and 263 bp) 
were visualized by ethidium bromide staining after agarose gel 
electrophoresis. 

For PCR-SHELA, pAZ102-E and pAZ102-H labeled at the 
5' end with digoxigenin were used as primers in the amplifi- 
cation round and pAZ102-L2 (5 ' -CCAGCTATATCCTAGTC 
CGA-3') (12) labeled at the 5' end with biotin, used as the 
probe for hybridization, were added at the same time after the 
beginning of the reaction. Although the 5' biotin-labeled 
pAZ102-L2 probe was present throughout PCR, it could not 
take part in the amplification reaction because a 3' tail of 
dTTP mismatched with the corresponding sequence, thereby 
preventing oligonucleotide extension. The high annealing tem- 
perature also prevented the pAZ102-L2 probe from binding to 
its target sequence. After the PCR, the amplification products 
were denatured for 20 min at 99°C and the temperature was 
then lowered to 48°C to allow pAZ102-L2 to anneal to its 
complementary product sequence. We used a hot-start tech- 
nique, and the PCR included 1 cycle of 94°C for 7 min, fol- 
lowed by 30 cycles of 94°C for 1.5 min, 55°C for 1.5 min, and 
72°C for 1 min; after a denaturation cycle at 99°C for 20 min, 
the final hybridization was performed at 48°C for 90 min. Ten 
picomoles of each primer (pAZ102-E and pAZ102-H) was 
used in a 25-u,l reaction volume. Hybridization of the amplifi- 
cation products with various pAZ102-L2 concentrations 
showed that 0.1 pmol was the optimum concentration for 
avoidance of background signals. The PCR buffer was the 
same as that used in the PCR. After amplification and hybrid- 
ization, the PCR products were diluted by adding 200 \x\ of 
phosphate-buffered saline (PBS)-0.05% Tween 20 in ice. 
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Streptavidin-coaled microliter plates (Boehringer Mannheim, 
Indianapolis, Ind.) were blocked with sonicated salmon sperm 
DNA (Sigma Chemical Co., St. Louis, Mo.) for 20 min at room 
temperature. Wells were washed twice with PBS-0.05% Tween 
20, a 100-u,l volume of the diluted PCR products was added to 
each well, and the plate was incubated for 60 min at room 
temperature. One hundred microliters of peroxidase-conju- 
gated anti-digoxigenin antibody (Boehringer Mannheim) per 
well diluted 1:500 in PBS-0.05% Tween 20 was added after 
four washings. After a 60-min incubation at room temperature 
and four washings, 100 |xl of tetramethylbenzidine (Boehringer 
Mannheim) was added as the substrate; 10 min later, the re- 
action was stopped by adding 50 u,l of 1 M H 2 S0 4 ; and th&A 450 
was measured. Each experiment included as positive controls 
standard end-point dilutions prepared with bronchoalveolar 
lavage fluid from a PCP patient (4.32 X 10 6 P. carinii nuclei/ 
ml). PCR-SHELA permitted detection of four P. carinii nu- 
clei/uJ with a reproducible absorbance value of >0.490 (cut- 
off). PCP was diagnosed on the basis of identification of P. 
carinii organisms by morphological stains, detection of P. ca- 
rinii DNA by a single PCR in respiratory specimens or lung 
tissue, and/or clinical findings and therapeutic response. More- 
over, if the nested PCR was positive, PCP was diagnosed in 
patients with clinical suspicion in the absence of an alternative 
diagnosis, in particular, in those on specific prophylaxis. PCP 
was excluded when (i) the morphological examination of the 
bronchoalveolar lavage (not only the induced sputum) sample 
was negative, (ii) an alternative diagnosis was absent, (iii) res- 
olution of the clinical and radiological picture occurred with- 
out anti-P. carinii therapy, and (iv) clinical PCP did not occur 
in a follow-up for at least 12 months. On the basis of the above 
criteria, 35 patients were considered to have PCP. In 32 cases, 
P. carinii organisms were identified in respiratory specimens 
(17 bronchoalveolar lavage fluid and 15 induced sputum sam- 
ples). Three patients were classified as having PCP despite 
negative immunofluorescence staining and single PCR results 
obtained with their bronchoalveolar lavage fluid. In one of the 
three patients, who died 2 weeks later, P. carinii was identified 
in a lung examination. The other two patients were taking primary 
anti-f. carinii prophylaxis (one dapsone-pyrimethamine and the 
other aerosolized pentamidine). 

Ninety patients were PCP negative but had the following 
respiratory diagnoses: pneumonia caused by Pseudomonas (16 
cases) or Staphylococcus (3 cases) organisms, by Streptococcus 
pneumoniae (5 cases), by Klebsiella pneumoniae (7 cases), by 
mycobacteria (24 cases), or by Aspergillus (2 cases) or Crypto- 
coccus (2 cases) organisms and Kaposi's sarcoma with lung 
involvement (5 cases). Twenty-six patients had neither oppor- 
tunistic pathogens nor neoplasia. 

Sensitivity, specificity, positive and negative predictive values 
calculated with a two-by-two table, and 95% confidence inter- 
vals were determined. Fisher's exact test (one sided) was used 
to determine the significance of differences between the sen- 
sitivity and specificity of the four diagnostic techniques. P val- 
ues of =^0.05 were considered to indicate statistical signifi- 
cance. 

PCR-SHELA detected P. carinii DNA in all 20 bronchoal- 
veolar lavage and 15 induced sputum specimens from patients 
with PCP at optical densities ranging from >0.55 to 2.7. Bron- 
choalveolar lavage fluid and sputum samples had similar mean 
optical densities (Fig. 1). A comparison of the results obtained 
by immunofluorescence, PCR, and PCR-SHELA with the 35 
samples showed that PCR-SHELA and the nested PCR were 
more sensitive than immunofluorescence staining and the sin- 
gle PCR. In fact, all of the samples were positive by these two 
techniques, whereas only 32 of the 35 samples were positive by 


2.6 
2.4 : 

2.2: 

2.0 
1.8 
o 1.6 
1.4 

CO 

c 


1 1.0 
0.6 J 


0.6 
0.4 
0.2 
0.0 


AA 
A 


CO 


A 
A 


A _ 

..._ x 


- -X 


— 


-cut-off 



Bronchoalveolar 
lavages 


Sputa 


FIG. 1 . Distribution of individual results obtained by PCR-SHELA with 59 
bronchoalveolar lavage fluid and 66 induced sputum samples from patients with 
(open symbols) or without (solid symbols) pneumocystosis. The mean optical 
density of PCP-negative samples plus 2 standard deviations was taken as the 
cutoff level for positivity. X, mean optical density of PCP-positive samples. Each 
value is the result of at least three experiments. 


immunofluorescence assay and the single PCR (95% confi- 
dence interval, 90.00 to 100.00 versus 76.94 to 98.20). Eight of 
90 patients without PCP were positive by the nested PCR; 2 of 
these were positive by PCR-SHELA also. Therefore, immuno- 
fluorescence staining, the single PCR, and PCR-SHELA were 
significantly more specific in detecting P. carinii than was the 
nested PCR (100 versus 92%, P = 0.003, 95% confidence 
interval of 95.98 to 100 versus 83.23 to 96.08; 98 versus 92%, 
P = 0.05, 95% confidence interval of 92.20 to 99.73 versus 
83.23 to 96.08). Immunofluorescence and the single PCR failed 
to identify P. carinii in three bronchoalveolar lavage specimens 
from patients with PCP. The nested PCR revealed P. carinii in 
eight bronchoalveolar lavage fluid samples from patients with- 
out PCP (Table 1). The specificity of PCR SHELA was con- 
firmed by bronchoalveolar lavage specimens from 20 HIV- 
negative, nonimmunosuppressed patients who underwent 
bronchoscopy for suspected, but not confirmed, lung neoplasia. 
These specimens were negative by all tests (data not shown). 

To offer immunocompromised patients a better outcome, an 
immediate need is to improve the sensitivity, specificity, and 
quickness of diagnostic tests for PCP. The currently used rou- 
tine immunofluorescence staining test, based on direct mor- 
phological identification of the organisms in respiratory spec- 
imens, is less sensitive than PCR in recurrent episodes of PCP 
and in patients who experienced PCP on prophylaxis (10). 
PCR plus hybridization performed with selected primers and 
probes (2) appears to be sensitive and specific, yet the use of a 
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TABLE 1. Comparison of the diagnostic values of immunofluorescence testing, mt-LSU single and nested PCRs, and PCR-SHELA 


No. of samples positive/total Predictive value (%) 


Test 

PCP^ BAL° 

PCP + induced 
sputum 

POP - BAL 

PCP" induced 
sputum 

% Sensitivity 

% Specificity 

Positive 

Negative 

Immunofluorescence 

17/20 

15/15 

0/39 

0/51 

91.4 

100 

100 

97 

Single PCR 

17/20 

15/15 

0/39 

0/51 

91.4 

100 

100 

97 

Nested PCR 

20/20 

15/15 

8/39 

0/51 

100 

92 

81 

100 

PCR-SHELA 

20/20 

15/15 

2/39 

0/51 

100 

98 

95 

100 


" BAL, bronchoalveolar lavage. 


radiolabeled probe limits its application in routine diagnostic 
protocols. Although a nested PCR overcomes these technical 
problems, it has another disadvantage. Its high sensitivity com- 
plicates clinical interpretation and makes it necessary to ex- 
clude other respiratory disorders and laboratory cross-contam- 
ination. 

In this study designed to find a new means of diagnosing 
PCP, we used a rapid PCR-SHELA technique previously ap- 
plied by Qiao et al. to detect the Leishmania donovani complex 
(6). We used the primers targeting the mt-LSU rRNA gene, 
which have the best diagnostic efficiency in our experience (2), 
and we included the hybridization step in the amplification 
program. This technique proved faster and simpler than the 
PCR-EIA described by Cartwright et al. (1). In accordance 
with their results, PCR-SHELA yielded a higher sensitivity 
than immunofluorescence staining and similar specificity with 
respiratory samples from patients with PCP. Our experiments 
designed to test the diagnostic efficiency of P. carinii detection 
by PCR-SHELA and single and nested PCRs, all targeting the 
mt-LSU rRNA gene, showed that PCR-SHELA was more 
sensitive than the mt-LSU single PCR and more specific than 
the mt-LSU nested PCR. 

The mt-LSU nested PCR revealed P. carinii in 8 of the 90 
patients without PCP. With bronchoalveolar lavage samples, 
this posilivity could simply depend on "subclinical infection/ 
carrier status," as has been observed in patients with HIV- 
related severe immunodeficiency (2, 4, 7). Our finding that two 
of these nested-PCR-positive samples were also PCR-SHELA 
positive makes cross-contamination unlikely. A more likely 
explanation is that the different sensitivities of the two methods 
(nested PCR, one nucleus per microliter; PCR-SHELA, four 
nuclei per microliter) led to different results with samples con- 
taining few organisms. 

In conclusion, our data suggest that PCR-SHELA will be 
useful for detecting P. carinii organisms in respiratory samples. 
An etiological diagnosis may be crucial in the management of 
HIV patients with suspicion of PCP in the era of new alterna- 
tive regimens. Moreover, a molecular technique may be useful 
for examining noninvasive samples such as induced sputum in 
outpatient settings and in patients with suspicion of PCP who 
are receiving specific prophylaxis. The higher specificity of 
PCR-SHELA than nested PCR allows us to suggest the use of 
PCR-SHELA for diagnosis of PCP in patients whose diagnoses 
remain uncertain. 

This work was supported by a grant from the IX AIDS Projcct- 
Istituto Superiore di Sanita, 1996, n. 940-S. 
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A system was developed for the rapid characterization of microbial pectic enzyme complexes and then tested 
on Erwinia chrysanthemi and Sclerotium rolfsii. Pectic enzymes in minute samples of crude culture filtrates were 
resolved by ultrathin-layer polyacrylamide gel Isoelectric focusing and sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis and then assayed with an ultrathin pectate- agarose overlay stained with ruthenium red. The 
simple procedure can be completed within 30 min after isoelectric focusing, can detect extremely low levels of 
pectate lyase (6.4 x 10~ 6 fimol of product per min), and is sufficiently sensitive to determine the pectate lyase 
isozyme profile of a single bacterial colony with a diameter of 4 mm. Pectate lyases and polygalacturonases can 
be distinguished by altering buffer conditions in the overlays. The assay system revealed additional isozymes 
not resolved by classical techniques and generally corroborated the previously published isoelectric points and 
molecular weights of the pectate lyase isozymes and exo-poiy-a-D-galacturonosidase produced by E. 
chrysanthemi and the endopolygalacturonase and exopolygalacturonase produced by S. rolfsii. 


Pectic enzymes play an important role in the interactions 
of microorganisms with higher plants. Pectic polymers 
(chains of 1,4-linked-a-D-galacturonic acid and methoxyl- 
ated derivatives) are major structural constituents of plant 
middle lamellae and primary cell walls (27, 36). Purified 
pectic enzymes have multiple effects on plant tissues, includ- 
ing: (i) maceration and killing of cells (1, 3, 34), (ii) elicitation 
of disease defense reactions (12, 23), and (iii) rendering of 
cell walls more susceptible to attack by other microbial 
polysaccharidases (4, 14). Besides having an apparently 
important but still incompletely understood role in the de- 
velopment of plant diseases and the biode gradation of plant 
materials, pectic enzymes have several commercial uses (7). 

Analysis of microbial pectic enzyme complexes and their 
interaction with plant tissue is limited by the techniques 
available for resolving and identifying the individual compo- 
nents. Various techniques have been reported for detecting 
pectic enzymes in electrophoretic gels by introducing pectic 
polymers into the gel before (11, 33) or after (24) electropho- 
resis or by activity staining a paper print of the resolved 
proteins (13), but none has met wide acceptance. Thus, in 
most studies of the pectate lyase isozymes produced by 
soft-rot erwinias, the time-consuming technique of 
isoelectric focusing in sucrose gradient columns has been 
used (for examples, see references 15, 16, 19, 26, 29, and 30). 

Hofelmann et al. (18) have reported an alternative ap- 
proach to the detection of depolymerases in isoelectric 
focusing gels through the use of an ultrathin-layer substrate- 
agarose overlay bonded to a plastic support sheet, and 
Bertheau et al. (5) have recently reported the use of a similar 
technique to detect pectic enzymes and other depolymerases 
in nondenaturing gels. We have developed the substrate- 
agarose overlay technique into a generalized system for 
rapidly analyzing microbial pectic enzymes in isoelectric 
focusing and sodium dodecyl sulfate (SDS)-polyacrylamide 
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gels. In this report, we have used the previously character- 
ized extracellular pectic enzyme complexes of Erwinia 
chrysanthemi CUCPB (Cornell University Collection of 
Phytopathogenic Bacteria) 1237 (10, 15) and Sclerotium 
rolfsii isolate 14 (2) to demonstrate the ability of the assay 
system to determine the isoelectric points and molecular 
weights of pectic enzymes in minute samples of crude 
protein mixtures. 

We have used portions of this assay system to analyze the 
pectate lyase isozyme profiles of Escherichia coli clones 
containing Erwinia chrysanthemi genes (9). 

(A preliminary report of this procedure has been published 
[J. L. Ried and A. Collmer, Phytopathology 74:834, 1984].) 

MATERIALS AND METHODS 

Source, preparation, and assay of pectic enzyme samples. 
Concentrated, desalted proteins were prepared from culture 
supernatants of polygalacturonic acid-grown cultures of 
Erwinia chrysanthemi CUCPB 1237 as previously described 
(9). This strain is a spontaneous rifampin- and streptomycin- 
resistant derivative (8) of strain 307 characterized by 
Garibaldi and Bateman (16). Osmotic shock fluids (17) were 
also prepared for isoelectric focusing from two Escherichia 
coli clones harboring recombinant plasmids containing 
Erwinia chrysanthemi DNA (9). Alternatively, protein 
samples from recombinant bacteria were prepared for 
isoelectric focusing from single-colony supernatants. Colo- 
nies (diameter, 4 mm) of recombinant, pectolytic Escherichia 
coli clones, grown on LB (25), were suspended in 0.030 ml of 
Tris hydrochloride (pH 7.5) and centrifuged for 1 min at 
12,000 x g. The supernatants were then applied to the surface 
of an isoelectric focusing gel. Extracellular proteins from 5. 
rolfsii Sacc. isolate 14 grown on bean hypocotyls (2) were 
obtained from D. F. Bateman and C. H. Whalen. The 
lyophilized enzyme preparation was suspended in 50 mM Tris 
hydrochloride (pH 7.5) and diafiltered extensively against the 
same buffer with an immersible CX-10 membrane (Millipore 
Corp.). 

Pectate lyase activity was determined by monitoring the 
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FIG. 1. The effect of overlay thickness on the sensitivity of the activity stain in detecting a pectate lyase isozyme in isoelectric focusing 
gels. Osmotic shock fluids from recombinant Escherichia coli clone CSR2 were resolved by ultrathin-Iayer isoelectric focusing and then 
incubated for either 10 or 60 min with 0.35-mm (A) or 0.8-mm (B) pectate-agarose overlays. Lanes in each panel received, from left to right, 
4.0 x 10" J , 8.0 x 10"\ 1.6 x 10"\ 3.2 x 10" 5 , 6.4 x 10" 6 , or 1.3 x 10"* U of pectate lyase activity. 


increase in /4 2 3o (32) of a reaction mixture containing 0.07% 
(wt/vol) polygalacturonic acid (product P21750 of Pfaltz and 
Bauer), 30 mM Tris hydrochloride (pH 8.5), 0.1 mM CaCI 2 , 
and 1.7% (vol/vol) enzyme sample. Polygalacturonases were 
assayed by using the arsenomolybdate method of Nelson 
(28) to determine the increase in reducing groups in the 
reaction mixtures. For both types of enzymes, a unit of 
activity is defined as the amount of enzyme causing the 
formation of 1.0 u.mol of product per min under optimal 
conditions at 25°C. 

Preparation of ultrathin gels for isoelectric focusing and 
enzyme detection. Ultrathin (0.35-mm) polyacrylamide gels 
were cast for isoelectric focusing as described in the instruc- 
tions of the manufacturer (FMC Corp.). Polyacrylamide 
solutions containing 5% acrylamide (Bio-Rad Laboratories), 
0.17% /v\W-methylenebisacrylamide (Bethesda Research 
Laboratories), 20% (vol/vol) glycerol, 0.25 ml of Pharmalyte 
carrier ampholytes (pH 3 to 10; Pharmacia Fine Chemicals), 
0.005 ml of N,A^,A^',A^'-tetramethylenediamine (Bethesda 
Research Laboratories), and 0.019 ml of 10% ammonium 
persulfate per 5.0 ml of total volume were cast by capillary 
action between two glass plates separated by spacers. On 
one of these glass plates, a gel support film (100 by 125 mm) 
for acrylamide (Bio-Rad Laboratories) was affixed by a thin 
film of water. Polymerization occurred within 15 min. 

Ultrathin (0.35-mm) pectate-agarose overlay gels for en- 
zyme detection were cast as described above except that gel 
support film for agarose (Bio-Rad Laboratories) was used, 
the agarose solution was heated to 95°C, and the gel mold 
was heated to 50°C before casting. The agarose solution 
contained 1% agarose (Bethesda Research Laboratories), 
0.1% polygalacturonic acid, and the following buffers de- 
signed for differential detection of particular pectic enzymes: 
for Erwinia chrysanthemi pectate lyase, 50 mM Tris hydro- 
chloride (pH 8.5)-1.5 mM CaCl 2 ; for Erwinia chrysanthemi 
exo-poly-a-D-galacturonosidase, 100 mM potassium phos- 
phate (pH 6.5)-10 mM EDTA; and for S. rolfsii exo- and 
endo-polygalacturonases, 50 mM potassium acetate (pH 


4.5)-10 mM EDTA. Although thicknesses of 0.35 mm for 
polyacrylamide and agarose gels were optimum for conser- 
vation of electrofocusing reagents and for assay sensitivity, 
gels 0.8 mm thick were easier to cast and provided greater 
reproducibility. 

Ultrathin -layer isoelectric focusing of proteins. Isoelectric 
focusing was performed at 6°C on an LKB 2117 Multiphor 
apparatus modified by the use of adjustable electrofocusing 
electrodes (Bio-Rad Laboratories). The ultrathin polyacryl- 
amide gel was trimmed to remove 2 mm of gel from the edges 
of the support film and affixed to the cooling plate by means 
of a thin film of water. Excess water was removed from 
underneath the support film by absorbent paper before 
preelectrofocusing to minimize distortions in the pH gradient 
resulting from gel contact with water. Electrode wicks 
(Bio-Rad Laboratories) for the anode and cathode were 
soaked for several minutes in 0.04 M aspartic acid and 0.5 M 
NaOH, respectively, and the excess electrolyte was re- 
moved by absorbent paper. Enhanced resolution in the 
alkaline region of the isoelectric focusing gel was obtained 
when the cathodic wick was then saturated with a 2% 
Pharmalyte carrier ampholyte solution (pH 8 to 10.5) before 
application to the gel. Electrofocusing was performed in a 
100% N 2 atmosphere maintained in a plastic, rectangular 
food storage container modified to house the cooling plate 
and electrodes. This increased the uniformity of the pH 
gradient across the gel by eliminating condensation on the 
gel surface and also reduced cathodic drift resulting from 
absorption of C0 2 . The gel was preelectrofocused for 30 min 
at a constant 2.0 W. Protein samples of up to 15 yA were 
applied directly onto the gel as a series of drops in each lane 
or indirectly via a small tab of electrode strip paper (Bio-Rad 
Laboratories). Subsequent electrofocusing was for 60 min at 
a constant 4.5 W with a maximum of 2,000 V; sample 
application tabs were removed 15 min after electrophoresis 
was begun. 

SDS-polyacrylamide gel electrophoresis and enzyme 
renaturation. SDS-polyacrylamide gel electrophoresis was 
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FIG. 2. Detection and differentiation of the pectic enzymes produced by Erwinia chrysanthemi, S. ro(fsii t and recombinant Escherichia 
coli clone CSR50 after resolution by ultrathin-layer isoelectric focusing. Concentrated and desalted samples were electrophoresed on a single 
isoelectric focusing gel which was divided into three sections for processing. The lane containing pi markers (amyloglucosidase, glucose 
oxidase, ovalbumin, p-lactoglobulin, carbonic anhydrase, horse myoglobin minor and major bands, whale myoglobin minor and major bands, 
cytochrome c; FMC Corp.) was immediately stained for protein. The remaining lanes were incubated for 10 min with two diagnostically 
buffered pectate-agarose overlays. In panel A, overlays were buffered with 50 mM potassium acetate (pH 4.5) and 10 mM EDTA. In panel 
B, overlays were buffered with 50 mM Tris hydrochloride (pH 8.5) and 1.5 mM CaCl 2 . Lane 1, 5. rolfsii; lane 2, Erwinia chrysanthemi; lane 
3, Escherichia coli clone CSR50. 


performed by using the system of Laemmli (22) with a 
resolving gel containing 10% acrylamide, 0.33% bis- 
acrylamide, and 20 p.g of bovine serum albumin (Sigma) per 
ml to enhance renaturation of electrophoresed enzymes; the 
stacking gel contained 5% acrylamide-0.17% bisacrylamide. 
The SDS (Bio-Rad Laboratories) concentration was 0.1% in 
the gel and running buffer. Samples were held at 100°C for 2 
min in sample buffer (2% SDS, 10% sucrose, 50 mM dithio- 
threitbl [DTT], 125 mM Tris hydrochloride [pH 6.8], 0.003% 
bromphenol blue) before being cooled to 0°C. It was neces- 
sary to eliminate the DTT from the sample buffer for 
detection of depolymerizing activity from S. rolfsii protein 
samples. Samples were electrophoresed at 12.5 mA for 2.0 h 
through a 0.75 -mm gel in a small, vertical slab unit (model 
SE 200; Hoefer Scientific Instruments). Gels that were 
activity stained for pectate lyase and exo-poly-a-D- 
galacturonosidase were incubated for 2 h with shaking in 
three 100-ml changes of 10 mM Tris hydrochloride (pH 7.5) 
(20). For S. rolfsii polygalacturonase detection, the gel was 
incubated with 10 mM potassium acetate (pH 4.5). Subse- 


quently, these gels were protein stained by overnight immer- 
sion in a solution containing 0.1% (vol/vol) Coomassie 
brilliant blue R (Sigma), 10% (vol/vol) acetic acid, and 50% 
(vol/vol) methanol; the gels were destained in 10% acetic 
acid-50% methanol and then swelled to their original size in 
10% acetic acid. 

Activity stain overlay technique for detecting pectic enzymes 
after isoelectric focusing and SDS-polyacrylamide gel electro- 
phoresis. Pectate-agarose overlays constructed as described 
above were placed directly onto the gel to be assayed. Air 
bubbles trapped between the two gels were removed by 
gently rubbing the plastic backing of the overlay with the tip 
of a rounded glass stirring rod. The sandwiched gels were 
incubated for various times in a moist chamber at room 
temperature for isoelectric focusing or at 30°C for SDS- 
polyacrylamide gel electrophoresis (the temperature of incu- 
bation was not critical), and then the overlays were im- 
mersed in 0.05% (wt/vol) ruthenium red (Sigma) for 20 min, 
rinsed in distilled water and preserved by drying at 50°C for 
45 min. The overlays were then placed between clear 
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FIG. 3. Two-dimensional ultrathin-layer isoelectric focusing of 
the major Erwinia chrysanthemi pectate lyase isozymes. The first- 
dimension isoelectric focusing gel (ca. pH 7.0 to 10.0) was incubated 
for 10 min with a pectate-agarose overlay and then placed perpen- 
dicular to the pH gradient on a second ultrathin-layer isoelectric 
focusing gel. The electrofocused second dimension gel was then 
incubated with a pectate-agarose overlay for 15 min. 


plastic sheets and photographed with a green filter (Wratten 
no. 58). 

Detection of pectolytic bacterial colonies. We have applied 
the overlay technique to the detection of pectolytic Esche- 
richia coli colonies which have been transformed by recom- 
binant plasmids containing Erwinia chrysanthemi DNA (9). 
Putative pectolytic Escherichia coli cells were plated onto 
agar plates containing the appropriate antibiotics and incu- 
bated until colonies were about 2 mm in diameter. Whatman 
no. 1 filter paper was briefly laid onto each plate, removed 
(taking most of each colony), and then placed onto the 
agarose overlay. The resulting sandwich was covered with 
plastic wrap and incubated at 30°C for 30 to 60 min. The filter 
paper was then removed, and the overlay was vigorously 
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FIG. 5. Detection in SDS-polyacrylamide gels of the 
polygalacturonase and exopolygalacturonase produced by S. rolfsii. 
Gels were developed as described in the legend to Fig. 4 except that 
a 50 mM potassium acetate (pH 4.5)-10 mM EDTA buffer was used 
in the overlay. The sample contained 10.0 U of hydrolase, and the 
incubation with the pectate-agarose overlay was for 60 min. Lane 1, 
Coomassie- stained protein; lane 2, activity- stained overlay. The 
positions of molecular weight markers (described in the legend to 
Fig. 4) are shown at the left. 


washed in running water to remove adhering bacteria and 
then stained in 0.05% ruthenium red. 

RESULTS 

Determination of the limit of sensitivity for detection of 
pectate lyase in ultrathin-layer isoelectric focusing gels. The 
sensitivity of the pectate-agarose overlay technique was 
determined with osmotic shock fluids from recombinant 
Escherichia coli clone CSR2 because this strain produces a 
single major pectate lyase isozyme. The gel was incubated 
with overlays of different thicknesses for different periods of 


FIG. 4. Detection in SDS-polyacrylamide gels of the pectate 
lyase and exo-poly-ot-D-galacturonosidase produced by Erwinia 
chrysanthemi. Both protein samples contained 1.6 U of pectate 
lyase and 0.19 U of exo-poly-a-D-galacturonosidase. Extracellular 
proteins of Erwinia chrysanthemi were resolved by SDS- 
polyacrylamide gel electrophoresis. The SDS was removed, and the 
gel was incubated at 30°C with a pectate-agarose overlay before 
protein staining. (A) Pectate lyase detection after 60 min of incuba- 
tion with an overlay containing 50 mM Tris hydrochloride (pH 8.5) 
and 1.5 mM CaCl 2 . Lane 1, Coomassie-stained protein; lane 2, 
activity-stained overlay. (B) Exo-poly-a-D-galacturonosidase detec- 
tion after 120 min of incubation with a pectate-agarose overlay 
containing 100 mM potassium phosphate (pH 6.5) and 10 mM 
EDTA. Lane 1* Coomassie-stained protein; lane 2, activity-stained 
overlay. The positions and sizes (in thousands) of molecular weight 
markers (phosphorylase B, bovine serum albumin, ovalbumin, 
carbonic anhydrase, and soybean trypsin inhibitor; Bio-Rad Labo- 
ratories) are shown at the left. In our system, carbonic anhydrase 
(Af r , 31,000) migrated anomalously relative to the remaining stan- 
dards. For this reason; this protein was not used in calculating the 
molecular weights of the unknown proteins. 
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FIG. 6. Detection of pectolytic recombinant Escherichia coli clones in a background of 90% nonpectolytic Escherichia coli. (A) Colonies 
before assay; (B) agarose overlay of A. 


time after isoelectric focusing of a dilution series of the 
osmotic shock fluid preparation (Fig. 1). The 0.35-mm 
agarose overlay was most sensitive, detecting 6.4 x 10~ 6 U 
of pectate lyase after 60 min of incubation and 3.2 x 10 ~ 5 U 
after 10 min (Fig. 1A). The 0.8- mm overlay detected only 1.5 
X 10" 4 U after both 10- and 60-min incubations (Fig. IB). 
Overlays substantially less than 0.35 mm thick did not stain 
well. Resolution of pectate lyase isozymes diminished with 
increased sample activity and overlay incubation time (Fig. 
1). 

The sensitivity of the agarose overlay technique with 
SDS-polyacrylamide gels is about 0.10 U of pectate lyase 
after 60 min with 0.35-mm agarose gels (data not shown). 
This reduction in sensitivity compared with isoelectric fo- 
cusing necessitates the use of a proportionately larger sam- 
ple volume or an increased concentration of the enzyme. 

Differential detection of polygalacturonic acid depolymer- 
izing enzymes after isoelectric focusing. The composition of 
the agarose overlay can be varied to differentially detect 
pectate lyases (p-eliminative enzymes which have high pH 
optima and require a divalent cation) or polygalacturonases 
(hydrolytic enzymes which have acidic pH optima and are 
not inactivated by EDTA) (31). Figure 2 shows areas of 
pectolytic activity in identical sets of samples subjected to 
isoelectric focusing. In panel A, the overlay was buffered at 
pH 4.5 and contained 10.0 mM EDTA to optimize detection 
of S. rolfsii polygalacturonases and inhibit Erwinia 
chrysanthemi pectate lyases. Lane 1 shows three major 
bands of hydrolytic activity for 5. rolfsii in the acidic area of 
the gel corresponding to pH's 5.1, 5.5, and 6.0. Lane 2 shows 
a single band of hydrolytic activity for Erwinia chrysanthemi 
at pH 8.0. In lane 3, a pectolytic Escherichia coli transform- 
ant previously testing negative for hydrolytic activity shows 
no depolymerase activity. In panel B, the same set and 
concentration of samples was focused, but the overlay had a 
pH of 8.5 and contained calcium. Under these conditions, 
the S. rolfsii polygalacturonases were completely inactive 
(lane 1), whereas the pectate lyases of both Erwinia 
chrysanthemi (lane 2) and the Escherichia coli transformant 
(lane 3) were active. The Escherichia coli transformant did 


not produce as many bands as Erwinia chrysanthemi appar- 
ently because not all of the pectolytic genes of Erwinia 
chrysanthemi were cloned. The faint band at pH 8.0 in lane 
2, panel B, is probably the exo-poly-a-D-galacturonosidase 
of Erwinia chrysanthemi since it has the appropriate pi value 
and is not produced by the Escherichia coli transformant 
(Fig. 2A, lane 3). 

Demonstration that the multiple isozymes of pectate lyase 
are not artifacts of isoelectric focusing. The basic portion of 
an isoelectric focusing gel of Erwinia chrysanthemi culture 
supernatants was subjected to isoelectric focusing in a 
second dimension (Fig. 3). Only a single band of activity was 
generated in the second dimension for each band resolved in 
the first dimension, indicating that the multiplicity of iso- 
zymes is not an artifact generated by isoelectric focusing. 
They arise from different structural genes or posttransla- 
tional modification or both. 

Differential detection of pectate lyase and polygalacturonase 
after SDS-polyacrylamide gel electrophoresis. The pectate- 
agarose overlay technique detected renatured pectate lyase 
and polygalacturonase after SDS-polyacrylamide gel electro- 
phoresis (Fig. 4 and 5). Pectate-agarose overlays revealed 
two major bands of activity corresponding to molecular 
weights of 36,000 and 44,000 for Erwinia chrysanthemi (Fig. 
4A) and a single band of exo-poly-a-D-galacturonosidase 
activity (Fig. 4B). Not all of these enzymes renatured 
equally. The 44,000-molecular- weight band of activity re- 
quired a threefold longer buffer wash after electrophoresis 
for enzyme detection than did the 36,000-molecular-weight 
band. For S. rolfsii, the overlay detected two bands of 
polygalacturonase activity corresponding to molecular 
weights of 52,000 and 29,000 (Fig. 5). The presence of DTT 
in the sample buffer prevented the detection of poly- 
galacturonase, indicating the presence of essential disulfide 
linkages. 

The use of isopropanol for renaturing enzymes after 
SDS-polyacrylamide gel electrophoresis has been reported 
to increase activity for certain enzymes (6). We found no 
increase in the sensitivity of the assay when isopropanol was 
used. In agreement with other workers (21), we found that 
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FIG. 7. Resolution of pcctate lyase isozymes from single-colony 
supernatants. Samples (up to ,15 pA) of single-colony supernatants 
(see the text for details) were electrophoresed on ultrathin 
isoelectric focusing gels, then assayed with a pectate-agarose over- 
lay buffered with 50 mM Tris hydrochloride (pH 8.5M5 mM CaCl 2 . 
Lanes 1 and 2, pectolytic Escherichia coli clones producing two 
different isozymes of pectate lyase. The anode is at the top of the 
figure, and the cathode is at the bottom. 

the source of SDS was critical for detecting enzymes; in this 
case, SDS from Sigma completely inhibited enzyme activity 
with or without DTT. 

Detection of pectolytic bacterial colonies and resolution of 
pectic enzymes from single colony supernatants. The pectate- 
agarose overlay technique has been adapted for detecting 
pectolytic Escherichia coli colonies grown on standard mi- 
crobiological media. After the filter paper was removed from 
the pectate-agarose overlay, vigorous rinsing of the overlay 
was required to remove bacteria that adhered to the surface; 
otherwise, these bacteria would prevent staining in that area. 
Pectolytic colonies produced a clear area (Fig. 6). Growth of 
the assayed colonies in the original petri plate, followed by 
proper alignment of the overlay with the petri plate, allowed 
pectolytic colonies to be identified and isolated from a 
background of nonpectolytic colonies. 

A profile of the pectate lyase isozymes produced by 
Escherichia coli colonies could be obtained by suspending 
colonies grown on petri plates in buffer and subjecting the 
supernatant to isoelectric focusing (Fig. 7). 

DISCUSSION 

The combination of electrofocusing in ultrathin-layer poly- 
acrylamide gels and SDS-polyacrylamide gel electrophoresis 
in small slab gels provides a rapid, high resolution method 
for analyzing a complex mixture of proteins. We have 
developed an activity-staining system for use in conjunction 
with these electrophoretic techniques which permits facile 
detection and preliminary characterization of pectic en- 
zymes in crude protein mixtures. The detection technique is 
based on the ability of pectic enzymes diffusing from bands 


in a polyacrylamide gel to degrade the polygalacturonic acid 
in a diagnostically buffered, ultrathin pectate-agarose over- 
lay and on the subsequent ability of ruthenium red to 
precipitate and stain (35) the surrounding, undegraded sub- 
strate. 

This detection system provides a rapid means to deter- 
mine pi profiles and molecular weights of polygalacturonic 
acid-degrading enzymes. Our results are summarized and 
compared with previously obtained values for Erwinia chrys- 
anthemi and S. rolfsii in Tables 1 and 2. The pi values that 
we report corroborate and extend the enzyme complexity for 
each organism (Table 1). Significant differences are observed 
with SDS-polyacrylamide gel electrophoresis of the Erwinia 
chrysanthemi pectate lyase isozymes (Table 2). However, 
our values are in close agreement with those recently ob- 
tained for a different strain of Erwinia chrysanthemi by 
SDS-polyacrylamide gel electrophoresis of purified proteins 
(19). The polygalacturonase values from 5. rolfsii that we 
report were obtained without DTT in the sample buffer 
because it prevented detection of enzyme activity. Never- 
theless, the protein patterns appeared similar with or without 
DTT (data not shown), and our values are consistent with 
those previously reported (Table 2). 

The activity staining system demonstrated with E. 
chrysanthemi and S. rolfsii pectic enzymes has at least four 
advantages over previously described methods, (i) Speed. 
Assay results are obtained in 30 to 80 min (depending on the 
desired sensitivity) after the completion of isoelectric focus* 
ing (Fig. 1) or 3 to 4 h after SDS-polyacrylamide gel 
electrophoresis, and each of the electrophoretic techniques 
is complete within 2 h. The activity-stained overlay can be 
immediately photographed or oven-dried for a permanent 
record. In the similar procedure of Bertheau et al. (5), a 
longer incubation of the substrate-agarose overlay with the 
isoelectrically focused gel (1 to 4 h versus 10 to 60 min) is 
recommended, as is a longer incubation of the overlay with 
the staining reagent (overnight in 1% cetyltrimethylam- 
momium bromide versus 20 min in 0.05% ruthenium red). 

(ii) Sensitivity. Figures 1 and 2 demonstrate the extreme 
sensitivity of the activity stain by showing its ability to 
detect an isoelectrically focused band containing only 6.4 x 
10" 6 U of pectate lyase activity (Fig. 1). Based on a specific 


TABLE 1. Isoelectric points of major isozymes as determined by 
present and previous techniques 


Isoelectric point of enzyme from: 


Enzyme 

Erwinia 
chrysanthemi 

S. ro{fs'ti 


Present* 

Previous 

Present* Previous 

Pectate lyase 

9.4 
9.2 
7.8 
7.5 

9.1 * 9.3 C 
7.9,* 8.3 C 

d 

Exo-poly-a-D- 
galacturonosidase 

8.0 

8.3 C 


Polygalacturonases 



5.1 5.2' 

5.5 

6.0 


* Determined by activity-stained ultrathin-layer isoelectric focusing. 
6 Determined by sucrose gradient isoelectric focusing (15). 

r Determined by granulated gel bed isoelectric focusing (10). 

* — , Not detected in this organism. 

' Determined by sucrose gradient isoelectric focusing (2). 
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TABLE 2. Molecular weights of enzymes as determined by present and previous techniques 

Molecular weight of enzyme from: 
Enzyme Erwinia chrysanthemi S. ro\fsii 

Present" Previous Present" Previous 

Pectate lyase 36,000 30,000-32,400* — r — — — 

44,000 

Exo-poly-a-D- 68,000 67.000 rf — — 

galacturonosidase 

Polygalacturonases — — 29,000 28,000-31,000' 

52,000 46.000-48,000" 

" Determined by activity-stained SDS-polyacrylamide gel electrophoresis. 

* Determined by gel filtration chromatography and sucrose density gradient centrifugation (15). 
r — , Not detected in this organism. 

* Determined by SDS-polyacrylamide gel electrophoresis of purified protein (10). 

' Determined by gel filtration chromatography and sucrose density gradient centrifugation (2). 


activity for pectate lyase of 300 U/mg of protein (1; CoIImer 
and Whalen, unpublished results), this is equivalent to 20 pg 
of pectate lyase protein. This technique is sufficiently sensi- 
tive to determine the isozyme profile of single-colony super- 
natants (Fig. 7). This high sensitivity can be attributed to the 
low concentration (0.1%) of polygalacturonic acid, the in- 
tense differential staining by ruthenium red (35), and the 
thinness of the overlay (Fig. 1). 

(iii) Resolution. The superior resolution achieved by ac- 
tivity-stained ultrathin-layer isoelectric focusing gels is 
shown by the clean separation of several isozymes of pectate 
lyase present in Erwinia chrysanthemi culture supernatants. 
These results, which corroborate those of Bertheau et al. (5), 
are in sharp contrast to earlier work with sucrose gradient 
isoelectric focusing, in which only two peaks of activity were 
reported (15, 16). The remarkable ability of pectate-agarose 
overlays to resolve closely spaced pectic enzymes, even 
when one band contains far more activity than another, can 
be attributed to the assay mechanism of detecting zones of 
enzymatic degradation in a background of relatively slowly 
diffusing substrate rather than detecting a diffusible product. 
High resolution is also favored by the rapidity of the assay 
(Fig. 1). 

(iv) Adaptability. Because the substrate-containing over- 
lay is separate from the polyacrylamide gel or other enzyme 
source to be assayed, the activity-staining system is adapt- 
able to a wide variety of applications. We have demonstrated 
its usefulness for detecting pectolytic Escherichia coli colo- 
nies on petri plates (Fig. 6). In addition, alternate lanes of a 
single polyacrylamide gel can be assayed with overlay strips 
containing different buffers for the detection of different 
enzymes (Fig. 2, 4, and 5). Proteins remaining in the poly- 
acrylamide gel can then be visualized with standard protein 
stains (Fig. 4 and 5) or electrophoresed in a second dimen- 
sion (Fig. 3). We have used second-dimension isoelectric 
focusing of pectic enzymes after SDS-polyacrylamide gel 
electrophoresis to determine pi values for specific, pec- 
tolytic bands (9). These manipulations allow the rapid as- 
signment of an isoelectric point and a molecular weight to 
each component of a pectic enzyme complex. 
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adj. 

Mentioned previously. 
n. 
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